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ад جاتب‎ Дз йй الطور فى الفيزياء للصف الارل‎ mdi هذا الكتتاب دصاة من دعاتم‎ ры 

ودليل المعلم = الآمر الذى pam‏ عل لعفي أعداف. عملية и уш‏ اناشع ie БД‏ لبديات ule! Q dB‏ والعشرين: 
„лд #‏ بالعلاقة ين العام lp‏ جيا فى جال Ыз, ИЙ‏ عل Apa‏ 
РАВ Ф‏ هيل ارسة الطلاب „аш!‏ ف الو anally gui‏ عيال استخدام المخر جات pl ge‏ جبة. 
+ لتاب الطلاب متيحية КЕЙ‏ الملمي» وسن ثم mls‏ هم JU!‏ إلى التسلم الذتى р раш‏ بالتعة والنشوش. 
ll at ©‏ الاستكداف فى التو سيل إلى المعلو مانتب واتتساب لزيد من ا خيرات , 
Ф‏ توفي a ДД m all‏ مهام БЫ‏ من خلال أساليب التعلم ih‏ والعمل روح الفريق £i ЕШ‏ 

кр ويل‎ aa وعدم‎ a آراء‎ LE, 

+ اتساب الطلاب المهاراث gl‏ عن طرش ريلا الاعتيام a‏ العمل والتطيقي. 
ыш Ф‏ الاعات اليلية АН‏ نسي استخدام J‏ اليثية. والحفاط عل النوارن اليلى u Qa‏ 
ыа,‏ هدا АЖ‏ فل ست н‏ مر u‏ يتس Б‏ باب مها ыл‏ مي المصرل А‏ لعفن الأغداف 
المرجيوة من فراسة كل k‏ 

















жен 





жаз وليل اتخولوجيا الملرمات والاتصالات فقد ثم تسميم موقع تعليمي على‎ а d ad LE e, 
ie عل الرابط‎ Шш, يتف العديد من الأفلام رالصور والتدريات رالامتحاتات‎ Lg p المعلوماث الدرليا‎ 
ob ph ll بنك‎ аы ولد نم اتزويد للكئاب‎ 

ملها ما هو فى سياق ЧА» Ш‏ ومنها ما هو إثرائى لتعميل Ш‏ والفهم um‏ للطلاب عل الزيد من md‏ 
سال اط مرو جل أن تمم Ll‏ هذا اكناب e ш‏ أن بكرن ذلك لين من nei ДАШ‏ عبراب 
حب الوطن АД aha‏ راط من وراء القصب وهر ae‏ إلى سواء السبيل. 
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UNIT ONE 





Unit Introduction 


Physical sciences are concerned with the study of all phenomena in the universe. They 
describe these phenomena trying toca plore and examine them, aiming bo benefit mankind. 
processes for the various physical quantities. 


















Ву the end of this unit, you would be able to: 

— — Identify the fundamental and derived physical quantitics 

w Derive the dimensional formula of physical quantities. 

= State the fundamenta physical quantities in the їп "rai 
and their units. 

= Apply the dimensional formula to verify the physical relations. 

- — HI اص‎ PPP 











è Scientific interpretation. Appreciate the efforts of scientists 
ó Derive а conclusion in designing the measuring tools. 
Ф Comparison Ф Admire the advantage of performing 
è Classification —— —M! 

& Problem solving 

è Applying knowledge 
> Critical thinking 





Ф Realize the importance of 
measurement in daily life. 








| By the and ofthis chapter you wil 

be екх | 

. > Differentinia between the | 

За and derived рр] 
солик. 













Ti pura (LE blan тынай in carry amt мулы] wanumanta іа ані НЬ 
What Is meant hy measunenend 

koureni is the process of comparing un unknown 
quantity with Мий quantity of 15 kind (called the ш 
كن‎ measurement) to. Pind out how many times the first 
incindes che moai. Ths rzeumremeant process has tree 
lur elements: 
1. The physical пасіку to be measured, 
2. The necessary measuring tocls. 
3. Unis of meazuremeut шым] (иши uruta). 
We will discom in чаа each clement of theese 
elements. 
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Chapter One Physical Meseurernent + b. 











1- Physical Quantities 
The physical quantities that we deal with such ва man, Eme, length , and volume ... ete 
ше called phyrical quantities. And we need io measure them uccurzizly m cur Шау hie. 
Physical quantities can be classified Into: 
^ Fermi Physical Сниму: ix the physical gow 
quamüty thet comet be defined m tems nf other | у Contat Us 
укса] quantities. 





that can be dained in terr of the fundamental 
physical Нация. 


Examples are: ште, Speed, Acceleration, 


For кир, 
Volume of a cuboid = Length x Width х Height 
V-E, x L, x L, 
This сумы that volume 1a derved from КТ, 
Moreover, there are several ушшип wal alore the 


woth kı determine the Боков рушса] пшн 
ыш their measuring uniz., 








muihrarutical equatonz. These mathematical equatconz give a aborthund illustration 
for physical celadonrhipa, Bech physical equation has K نلك تاجاح‎ indication. This 
indication is called the physical maming. 


Salam Printing Company 2019 „2020 Student Hook 





b 4 * Unit Come Physical Quantities and Sessaring. L^nits 
Ф. / 


international System af Units (51) ; 

It is also known as the modern metric system. ТЕ is worthy to mention that in the General 
Conference of Weights and Measures that held in 1960. Scientists agreed to add other Tour 
fundamental physical quantities. 





Two other units are added which are: 


+ Radian for the angle measure. 


+ Steradian for the solid angle measure. 


Nowadays, the intemational system of units is used in all the scientific fields all over the 
worki, 




















= William Thomson: a British = Ahmed Zeweil: an Egyptian 
scientist, who played a great role inthe — scientist, who won Nobel Prize in 1999. | 
` development of the Metric System. He He used laser to study the mechanism of | 
determined accurstely the value of the chemical reactions among molecules in 
absolute zero (the zero point on Kelvin Imervals measured in Pemtoseconds. (fs = 
scale). It was found to be = 273 °С 105) 
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Chapter Cog Physical Могрен Ф : 


2. Measurement Tools 

Man in ancient eres used parts of his body and natural phenomena as tools of 
measurement. He used the arm, the hand span, and the foot as tools to measure length. 
Also, he benefited from the sunrise, the sanset, and the moon phases in devining a measure 
of time. However, various measurement systems originated and developed in different 
great industrial] evolution next to the Second World War, Consequently, these tools were 
very helpful to man in describing phenomena accurately and exploring facts. 








Digital watch = 


TET ID MNT 

Without uing rmeüxuring rnit&, toc operations we perform in everyday experience 
become meaningless. Рог instance, when we say that the masas of an object із equal to (3) 
without giving a unit of mcasurement,thatmakesuapuzzled. Ist in grams, kilograms aor tons? 

On the cher hand, saying that the mass of an object is equal to (5 ke), the quantity 
would be fully clarified. 

Scientists have tried to figure ost the most accurate defimtion for each of the standard 
units for length, mass, and time. And here are some of these definitions. 
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Y | Unit Оле Physical Quantitigs and Measuring Units 


Е А - = YT me EI. 


First; The Standard Length (The Meter) 
French people were the first who used the meter as a standard unit for meast 
length. This definition has been changed aiming the mast accurate definition, 








imndard Meter is the distance between two engraved marks nt the enda of n 
rod made ef platinum and Iridium alloy kept at V C, ft the International Bareau of 
Weigh and Measures near Paris, | 





Га тиа Елер 


In 1960, scientists agreed m the General Conference of Weights and Measures to 
replace the previous definition of the standard meter with the following one which 
is related tà atomie radiation. 

The Standard Meter bs equal to u specific number of wavelengths 
(1650763,73) of the red = orange light emitted in vacuum by the atoms 
of krypton (atomic mass 86) contained in a discharge tube, 


Оше meter = HAEATA 
marinha 


| Figure (d) : The meter in terms o£ the wavelength of the red-orange light emibied by the krypton ainm 35 








0 Physik - Рим Sevundary 2019 - 2020 Salers Printing Compeazy 


Старог Ong Physical Measurement Ф 2 









Inspiring creatrvity 
i How could you determine how far the moon is from Banh? 
» How coukl you determine the circumference of Earth? 

Second: The Standard Mass (The Kilogram) 


The standard kilogram is the mass of a cylinder made of platinium and iridium alloy of specific 
dimensions kept ar (C, at the International Bureau of Weights and Measures near Paris, 











Eure ГЄ The Smaulard kilogram 
Third: The Standard Time (The Second) 

The second is the unit of measuring time. In ancient times, the daytime and the nighr 
lime were proper ways to figure out an exsy and acceptable measure for the time unit. Tiat 
كا‎ because the day = 24 hours = 24 x 6Ü minutes = 24 x 60 x 6D =B63[M] secomis. 
Accordingly, the second was defined as = of the average solar day. 

Recently, scientists suggested using the atomic clocks such as the cesium clock to 
measure time due to their high accuracy, 

Enrichment inl tien 
Nowadays, the second ia defined as the interval af time 

spent by the cesium atom (atomic mass 133) to emit a certain 

number of waves, specifically 9192631700 waves. 


57 
ï bi гит if oni Soe 





Figure (8). the conus anomie clock | | 
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Physical Quanilties and Measuring Liniis 


| Using the highly accurate atomic clocks is very helpful in studying а lot of scientific and 
empirical issues such as the determination nf the period of the Earth spin (the day length). 
Besides, checking up for aviation and navigations and verifying the journey schedule of 





ж Why iy ми use a glass model for the standard meter as a standard unit to 
measure length? 

ж Discuss in your point of view why scientists prefer the atomic standard meter 
rather than the international standard meter. 

* Why do scientists always look for the most accurate standards to measure physical 
7 km nti tie 5 т 





_ Dimensional Formula | | 
Scientists agreed to give a specific definition for each physical quantity, This definition is 
applied everywhere in the marid. E For example, the term speed expresses the rate of change 
of distance that equals ww — . The symbol we use in this book to specify the 
dimension of . 
ae Length is "L^ , 
ge Mass is "M". 
عم‎ Time is "T". 
When we express the above mentioned definition in terma of the previous symbols, we pet 
what is known as the "dimensional formula" of the physical quantity. 

[y= memet. =— = [Тч 





Г 
Accordingly, most of the derived physical quantities can be expressed in terms of the 
fundamental physical quantities which are Length, Mass and Time. Bach of them has à 
particular exponent. Thus, we obtain the following general formula: 
[А] = Ly pti 


Where А is the physical quantity and a, b, and c are the dimensions of L., М . and T 
The unit of measuring the physical quantity: 
We get the unit af measurement by substituting the symbols af dimensi 
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Find the dimensions nd te wi of measuring : 
eration is the rate of change of velocity. 


a 














= To add ar subtract two physical quantities, they must be of the same kind having 
the same dimensions. You cannot add а mass of 2 kg to a length of 2 m. 

= If the two quantities are of the same kind but having different units, one umit 
should be converted into the other unir to be added or subtracted, 


Í m + 170 cm = НЮ cm + 170 cm = 270 cm 
= Multplying ar dividing physical quantities of different dimensions gives a new 
physical quantity; for example dividing distance over time gives speed. 
The importance of the dimensional formula: A useful procedure for checking a 
specific physical relationship is to use the dimensional analysis because dimensions can 
be treated as algebraic quantities. Accordingly, dimensions af both sides of the equation 
should match. 
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Solel Exarnmnle 


Show that the following relation із dimensionally correct. kinetic energy 
= x mass x square of velocity given that dimensions of energy is E = MI?T? 


eC Li OR; 
Dimensions of the left hand side of the relation в MET 


Dimensions of the right hand side: - Ls a numeral having mo dimensions 
dM d МЕТР = MET" 


Therefore, KE = — m v is dimensionally correct because we have the same 


Soyer] Examnle 


Someone has suggested that the cylinder volume can be determined by the 
relation: V = mh Where ( r ) is its base radius und ( h ) is its height. Use the 
dimensional formula to show whether or not the relation t& correct. 

SCH LIL: 

Dimensions of the left hand side of the relation is L*. 
Dimensions of the right hand side: (m) has no dimensions 
And, [r h] = length x length = L? 

Therefore, the relation is dimensionally wrong because 
different dimensions exist on both sides. 








Note thet having the same dirmensions on both sides of ñ relation does not mean for sure that 
iis comrect. On tbe ober hand, ferent dimensions on both sides confirms hti is wrong 










z Thinking Comer 
The movement of an object by the effect of gravity is given by the relation: 

v,- vt iet 
Verify this relation using the dimensional analysis; given that g is the acceleration 
due to gravity, v, is the final velocity and v, is the initial velocity. 







= 
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pter One ee Ф а 


Multiples and Fractions of Units in the International System 

Por measurement, the physical quantity is described by a numeral and a unit of 

surement; for instance the distance between two stars is very vast and may be in the 
range of (100 000 000 000 000 000 m). On the other nand, the spacing among Momê im 
solids rs estimated by nearly (0.000 000 001 m). No doubt, if is very difficult to read such 
values. Rather than that we prefer to express these values in the farm of power of 10. The 
distance between two stars can be written as (1x10 m) and the spacing among atoms in 
solids can be written as (1x10 m). This way of expressing the magnitude of physical 
quantities is known as “the standard formula". The factor 10“ is given specific prefixes. 














RATIS erp 


они intensity 7 milliampere (7 mA). Express this intensity 
in microumperes. 
эшит; 
From the table above: 1 mA = I0?A 
] ВА = 10 A 
Dividing the two relations: 
dmi 
Гал 
1 mA = 10` ВА 
Multiply both sides by СЕ 7 mA = 7x10 pA 
This means that: 7 milliampere = 7000 microampere. 
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Physical Quantitigs and вазир Шлик 


Measurement error 


Man has heen interested throughout histary to improve procedures of measurement and 


develop instruments to achieve highly accurate measurements that have a great impact on 
the scientific and technological progress. 

But, no measbremuent is accurate 100 %. There must be аа error even if small. Por 
example, when measuring the length of a room, a difference may be found between the 
measured valu: amd the exact length. This difference could be small or big depending on 


Ig ТИ Маты 


The teacher asked 5 students № measure the length of a pencil. The results were 
recorded as: 








s» What do you conclude throu | gh these records? | 1 ١ 
me Which ruler you think is better in measuring the pencil length? Why? 








à dini scale niha 





PEPPER os uu, 











Reasons of measurement error: 
There are several probable reasons for a measurement error, of these reasons: 


1) Choosing improper toal: for example, using the beam 
balance instead of a sensitive balance in measuring the mass 
nf a golden ring leads to a relatively big measurement eror. 

2, A defect in the measuring tool: the measuring tool may have 
ome defect or mare; an ammeter for example may: 

+ Be old md the magnet inside is partially demagaetized. 
+ The pointer has a zero error when no current flows through it 
as seen in the opposite figure, 
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Chapter Cog | Physical Мегилитит # = 








ure. А lot of errors are caused by weexperienced pemoes. Of these 





+ Ignorance of using the multimeters. 


+ Looking at the device pointer or the graduation scale at an oblique line, It is advisshle 
Dx make the pointer or the scale divition lic in the plane of vision... 





scitions: such as temperature, humidity or the віт currents. When 
menguning the mass of a light object usimg the sensitive balance, the amr currents may 
produce an error. Because of this the sensitive balance is kept inside a glass бох. 





Estimating error of measurement: 

Before demonstrating how В US QM и 

between two types of meas 

1j Direct measurement: dd a wet tool rs used; for instance, the liquid 
~ density can be measured by the hydrometer, 
2) Indirect measurement: in which more than one measuring tool are used: the liquid 
^ density can be determined via measuring mass by n balance and volume by a graduated 
cylinder, Then, dividing mass by volume, 








Figure (10) measuring density iadiresthy using De balance and Viger (9) رماو سفت‎ deuaity dircily 


graded cylisder mur lr تن‎ Two Tüeasmemenar erm акш the Dyno mue lead t one 
uideri тиш 
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1} Estimating error in direct measurement: 

The Absolute Error (A x: 18 the difference between the 

actual value (r) and the measured value. (x). 

4z |x, - xl ` 1 ways ; 
The sign | | indicates that the result is always positive even if the actual value is less 

than the measured value. The most important ming here is to estimate the error whether it 

is an increase or a decrease in the real value. For example: |ها|‎ = 8 

The Relative Error (k: is the ratio between the absolute error. (A x) to the real value (x). 





Solved Example 


А student measured. the length of à pencil, Tt was found to be 9.9 cm, meanwhile 
Ша actual [сїрї is 10 cm. Another student measured the classroom length. Tt 
was found to be 9.13 m, meanwhile its actual length is 9.11 m. Estimate both the 
abeolute error und the relative error in cach case. 

НИНЕ In case of the first student: 

Estimating the absolute error: Ax = |r, - اع‎ = 110 - 9.9| = 0.! cm 


Estimating the relative error: pac وو کے‎ 


In cose of the second student: Tg 


Estimating the absolute error: Ax = Ix, - «| = |9.11-913| = |ü-0.02| m = 2 cm 

А š Ax ooz 
Estimating the relative error: г = = = 0.0022 = 022 % 
Аг we can express the result of ترسكت‎ ВЕР ия follows: 
The pencil length = (J0 201) cm And the clasaroom length = (9.1J +0.02) m 
Although the absolute emor im measuring the classroom length is greater than that in 
measuring the pencil length, the relative eror in measuring the classroom length is less 
classroom length was relatively higher than measuring the pencil length. 





Physics - First Secondary miji- Mme Sabar P'riering Company 




















"Conclusion: The relative error [s а heiter indícatien for the meaanrenent 
er عرد‎ NOR سو‎ gg 





[2 Estimating emir in case oí тірес measurement: 
ce lace ar eg aaa єнє 


Fisting бе volume of 2 cola by 
subtracting the volume of water afier 


A 


Finding the kat cranii f 
PEIN TEGERE GNE NUR SER val مستي‎ in first 

[ — measurement + the relative 
Finding the density of a liquid by uiui ril I ME. 
кира та NRI ANH sd rrr 











Solved Examples - 
adi Calculate each of the relative error and the absolute error when measuring the 
аген or a rectangle (A) of length (6240.1) m and width (520.2) m. 
Solution; 
Ax 0.1 


The relative error in measuring length: =, = "EC "^ =0.017 


The relative error in measuring width: г, m i. = = = 0.04 


The relative error in measuring area: r= r. + Г, 2017 4.004 0057 
Since r ME з 
The absolute emor (AA) is given hy rmaltiplying the relative error by the real area (А) 


AA z r X A, = (0,057) x (5x6) z1,7 п? 
Therefor, the rectangle area can be estimated as А = (301.7) m 
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Find the value of L, 
SOULE: 
Finding the real value of (Ly: L, = (5.2+5.8) = 11 cm 
Finding the absolute error: AL = (0.1 + 0,2) = 0.3 om 
=, L= (11 + 0.3) cm 
єй (Calculate the relati ve ertor amd the absolute error when measuring the volume 
ог a cuboid where ifs dimensions are as follows: 


First: estimating the relatme error; 
The relative error in measuring length: 
The relative error in measuring width: 


The relative error in measuring height: 
The relative error in measuring Volume: 
,عدم‎ +r +r = 0023 + 0.057 + 0.007 = 0.147 
Second: estimating the absolute error: 
The real volume of the cubald (М) 


V.= z, y, ا کے‎ × 35 x 3 = 462 cm 
_ AV 
V 


a 


F 


avery, 
A V = Oia? x 462 = 679 cm 
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Physical Measurements 


Sabety Rules 


Expected Learning ال‎ rie 


Skills to be acquired 


Гос and Atalerals 
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First- Practical Experiments 
in Voss ko bans 
Experiment overview 


ЕЕ Ан cal Some are long 
suck as the length of a garden fence; others are short such 
Bs [he thickness of a thin metallic sheet. Accordingly, 
different measuring tools are used to fit with each case. 
Measuring length using the Vernier Caliper: 

= | 





#111 ш Ш? T " 
І lul ; 1 ИП ан ИВ inl ıl unt 
































Calipers are comprised of two jaws, onc attached to 
ü fixed scale and the other attached to a sliding (vemier) 
scale. Divisions on vemier scale are slightly closer 
together than those on the fixed scale. 
One division on the fixed scale represents | mm (one 
millimeter) while one division on the sliding 
represents 0.99 mm. It means that one division on the 
sliding scale la icas than ome divisbon on thc fixed acalc 
by 0.01 mm. Accordingly, the vernier reading is found by 
multiplying the number of divisions by 0.1 mm; 
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The object is placed between the two jaws of the caliper amd gently pressed. 
vernier cale limes up. Say, 28 mm. 

£35 Find the mark on the vernier scale that most closely lines up with one of the marks 
on the main scale. Say, the sixth line; thes we add (6 x 0.1 = Û ê mm) to the previous 
The measured length becomes 28 mm + 0.6 mm = 25.6 mm 

Меша еген lengths: 

To measure the length of an object, you need to decide on the suitable measuring 
tool for such purpose. 


MISCERE MD nti وب وسو‎ 





i трети ори use it in measuring the length. It is advisable to 
repeat the procedure several times and calculate the average value aiming to obtain 
а highly accurate measurement. 
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Chapar One Physical سبو ضيه انل‎ * 


oe 

(2) Measuring the surface area of a cylinder: | 
А cylinder is an object of two identical circular bases, 

parallel to each other, while iis lateral side is а curved 











surface called a cylindrical surface. 
Determination al the surface area of a cylinder: 
١ Assume that the radius of the cylinder base is (r) and its 
height is (h), 
wb Tis base area = т 
= mh 
TOME —— гыны (и 


| Toms and Maler: 
A cylindrical can — Cardboard 
— A acham — А graph ait ci 
paper = A ruler | 





СЕ ЕЕЕ 





(А) Determination of the area of the cylinder base: 





Procedure: 

Т) Put the cylinder base om a graph sheet and mark its 
position with a pemci line. 
Remove the cylinder and measure the diameter of its 
base (2r) by the ruler. 

(9) Calculate the radius (r), and then find the base area 
which is circular in shape (27). 

(B) Determination of the lateral area of the 


Procedure: 
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(C) د‎ ee ель 





(D w ante OE stone icri uade 
one complete tum. 

2) Straighten the cardboard sheet to get a rectangle 
of length equal to the base circumference and width 
equal to the cylinder height. 

Measure the length of this circ mEnE. 

Multiply the circumference length x height to obtain 

the lateral surface area of a cylinder. *- base саш еее ع‎ 
Resully; 





-— “ylider height سب‎ 





Second - Evaluation Activities 


Wrlr а research provided with illustrative diagrams about f 

C Design and implement a beam balance using raw materials | 
from your envirunment sach as: thread — two metal cans — 
wooden rod = nails. 

(3. Design an hourglass using raw materials from your enviroament 
such as: sand — two suitable glass bottles — sticker таре 
stopwatch. 

(3) Via the internet or amy other available resource find out how to 
perform unusual measurements such as: how far the moon is 
from. Earth, Earth circumference, Earth mass and the electron 
mis, 
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с cocti the following valos s using ths andini Kamala bi aiie mal 
85 The elephant mass = 5000 ke 





8) Mention the precautions you may consider when ون‎ бё лис جز‎ assis 
the length of an object: 
@) Beth the following values it каш OE the нед uate whine the aodént Exnrda 
in writing numerals. 
4^ mgin kilograms, 
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“Ф Ifthe diameter of man's hair is about 0.05 mm. find that diameter in meters. 


‚ Unit One: Physical Quaniities and Measuring Linits 








шош-ш шшш م مام مام مام مام ماه مه‎ nus иш 


ا ع BEGUN‏ و amas‏ سام и исип и ип üm‏ مامه م مامه م اماه = مه هاه م م م مام سه مه مه واه وماس mm ие‏ مام م ممه م ee‏ 


Їй. Complete what is missing in the following concept map: 


- 
LB = н B 0 г д. вв = DEUX 
Hate m E 
| 
т 





Ar roS 

(3) The distance between two engraved marks af the ends 
of a rod made of platinum and ага alloy kept at 

(4) A physical quantity that can be defined in terms of 
the fundamental physical quantities. 

(6) А physical quantity that canmot be defined in 
terma of other physical quantities 

[ley n: 

(1) The mess of а cylinder made of platinum and 
Iridium alloy of specific dimensions ar the 

(2) Comparing а physical quantity with another quantity of its kind te find oot how many 
times the first includes the second. 

(5) А part of 86400 of the average solar day 





22 Physics - First Secondary 20110 - Mm И 
06222353 








Chapter Two 


If we are informed that the temperature of a body is 37°C, 
it ва full piece of information. Bur, if we are reported 
| | hat а car moves at 50 km/h, although the magnitude 
ا‎ MN ape and the measuring unit have been given, we still wonder 


will be able to: 


about the direction of the car motion. Is it to East, Weat 
or any other direction? 

When expressing that the car moves at 50 km/h to cast, 
this gives а full idea about the velocity of the car that 
include: magnitude and direcbon. Because of this, 


velocity is à vector quantity, 





“Figo (Il): реле i defined Figure (12): velocity la defined fiy 
йу by йз шийи. осу bs Гэ magnitude амі шот. 
“эс quantities сап be classified as: 
A A scalar quantity: which is a physical quantity 
hat an be fly defied yi maputi ст 
It has no particular direction 
Examples are: dig 
and energy. 
a А vector quanity: ala aka ipte prag 
я 97 by 





ice, mass, time, bemiperabure 
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Physical Quantitigs and Messanng Units 








Distance is defined as the length of the path moved by an 
object from a position to another. Distance is à scalar quantity mmt 4 
(hat can be fully defined by Ик magnitude only, and the link p= 
ыыы 7 ы 


Displacement is the change in the position of an object, It is given by the 
| length af the straight line segment in a given direction hetween the starting 
| point and ihe end point. 


An athlete has moved to West through a displacement of (54) m ), then moved back 
LM GHI E NAHE UTER ). Calculate the distance covered and the 


CR LICHT 

First: the covered distance: ; p-3504 = ВОт 
Second: the displacement of the athelet: 

{ш +50- ZÜ zm +2Ü m 

Displacement to west is considered positive and 


negative to eau. The result shows that the athlete is 
displaced 20 m io west. 
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Chapter Two Scalar quantities & Vector quantities Ф KA 


The vector is represented by a directed straight segment af length proportional to the Ф 
vector rnangnitude, pointing from the initial point to the end point. The vector is denoted 
by a bold letter (A) or a letter tagged by а senall arrow (А). 


Graphical Representation of Vectors 
The vector is represented by an arrow drawn at a suitable scale where: 





+ The атом! length represents the vector magnitude, 


жа 


(aJ Shows the vector + fbi shows the wan H = 04 Ке} abos the vector À, and the vectar LA 





Figure (у: recor rogesaemarsan 
Same basics of vector algebra: 
1, Two vectors are considered equal if they have the same magnitude and direction 
even H each has a different initial роши. 


2) Themagnitude of the vector д” is equal to that of vector . 4 , but having an opposil 
direction. What is the result if the vector is multiplied by (-1) 7 


Resultant of vector addition: 
To which direction an object would move when two forces or mort act on it? What is the 
علد لقم‎ of the force that moves it? 





Fugure CTI the sesultint of v Tonces 


The net force that affects gn object as a result of the action of a number of forces is called 
the resultant force whose direction is that of the object поба. 
The resultant force: is a single force that results in the same effect on the object as thar 
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Generally, adding two vectors can be operated by either- 
+ Drawing a triangle as thaq shown in (figure 18b) 
+ Drawing a parallelopoid m which А and В are adjacent skies, Thus, the diagonal 
represents their resultant as in (figure 186) 


Determine the direction of the resultant of the two forces F. amd F. in esch ilastrated situation 
Rowing that they are equal. Assume that a third force which is equal and opposite to this 
resultant force acts an the same object, would the object move? Why? 


Solved Exa mple 
Find the resultant of two forces; one of them (Е, = 4) acting in (x) dimension, while 
the other (F. = = 3 N) acting in (y) dimension. 
Solution: 
We would comlete the shape of the parallelogram. A rectangle is formed since 
the two forces are perpendicular to each other. Thus, the diagonal represents the 
resultant force F as shown. 
Applying Pythagoras theorem, the magnitude of the resultent F ia given Бу: 
“is БОР" 04952, | 
Ч, m 25 =5 М ر‎ ^ 
3 HL £N 


F 
TE eais 
tan ü F 7 





(Finding the resultant of two forces) А 
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Chapter Two Scalar quantities & Vector جع | !سنن‎ 


Resolution al a Vector: 
Resolving a vector is а reverse operation for the process of geting the resultant of some vectors. 
In the following diagram, a girl drags another by а rope in а direction makes an angle(H) to 
the horizontal. Resolving the force (F) into two perpendicular fortes along dimentians (r, y) 
consequently: 

Е = F cos B F. =F rin Ü 


in 


F =F sin Ë 


R 





Figure (19): ReSoluion of force 





- Product of vectors 
First: Scalar (Dot product 
The dot product of two vectors А and В gives: 
А В zABcos B 
The result is я scolar quantity equal to the product of the 
magnitudes of (A) and (B) and the cosine of the angle 
vecom sounds "dor". 


Second: Vector (Cross) product: 
The cross product of two vectors 4 nd B equals 

C =A ^ B = АВ rn Ün 
The result is a vector quantity (C J whose magnitude is equal to the product of the 
magnitudes of (A) and (4) and the sine of the angle between the two vectors. The sign (^) 
between ihe two vectors sounda “cross”. 
Where п, is a unit vector directed in а direction perpendicular to the plane of both vectors 
А and BH. 
"the right hand rule". Figure (21) 
Vector. 
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= (21) the ight Land cole о 
Ты iren of the cud n 


а вв 





Solved Example 


If the magnitodes ef two vecim A and В are 5 and 1Û respectively and the angie 
berea them m 6 , find the result cf each of 

Fir: A.E Весны Á ^E 

Solution: 

Piret: 

LB = AB cot Ü 
—_ 
„Я 


m5yuIDxü5m2* 


= 
= Á 
— 
“А 
ва 


Т-А AB - Авдо n (5X IDXOAM)R. 


C-4ix 


С is the resultant vector having а magnitude 43.3 and dirction perpendicular to 
the plane of beth vectors A A ods. 


2T Field Visit 
| Halhrurk aml balances department  (burean) ik 
диши] zm an expert etfice ш Egypt tu анау und 


саме weighing alet, uertit Tools and burials. 
11 H alo concerned with supervision kd inspection, E Ши 54 branches allover the 
COAL. 
You mar тікті either nne of these Gomches m your ратуетнині or The Natural 
Insti of Measurement and Calibration m Giza that develops the national тесто 
Uf pirrsical measurements, keeping 1t up with the Шеги standards. 
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Firsi- Practical Experiments 
Finding the resultant of two forces: 
Find the resultant of the two perpendicular forces: F, = 
iN 






Draw a horizontal line (AB) on the graph paper of 
| length 3 cm to represent the first force. 
“T, Draw a vertical line (AD) perpendicular to (AB) 
at the point (А) of length 4 cm to represent the 
‚ Join the diagonal (AC) to represent the magnitude 
. and direction of the resultant. 
(5) Measure the length of the line segment (AC). It 
remeesents the magnitude of the resultant force. 


б) Measure the angle (BAC) that defines the direction 
af the resultant force relative to the first force (F). 
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Qni se pte ote resultant force using Pythagoras’ theorem for the right 


| И, 


Second - Evaluation Activities 





different objects. Cooperate with your colleagues to determine 
the resultant force in each photo. 

@) Write down a list for the scalar and vector quantities commonly 
dealt with in cur daily experience. 
Write down a research about the importance of mathematics in 
the study of physics, having the topic of dot product and cross 
product as an example. 








(3) ЧИН Р AD = 6 N piven that 
the angle between them (B = 45^) 


111111115111 


ات 1118882111 2ض ةللا 


(4 Use the айша! کا‎ ИИ ИР 
the first (Зет) while the other (dcm) and the angle between their directions s (*115) 


О ee = eee oe RO) нити ш EH ии مع مام‎ нии ии и muu mg mas пин и они و م م‎ ee в и = وميك واو واصصص و‎ EGRE 
=u... H M H-H M и ام م عاسم‎ =u." m. m... mm mmm mm mn م‎ нош 


ee ee s mu w ee w m шщ m LLL O e a NOB M NUR 


an Pli = Fini dec ' шү _ 0148 - 2020 Saha Printing Compsry 


AY Prepare a photo album to clarify the effect oÍ a group of forces oa 
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(S; When is the vector summation of а ee ae P iD zero? 


Pee ee s. ü... a Benne ee Amm sa mü n m Шоп R-m za m mü Ё Ш Rom n ш ш homoa monos ии nn 
TT и s. = = m. سام م‎ "nnm ee ние m="... ماه ماه‎ NOH NOH шшш ماه م م مم م م مامه م ان‎ и ииси ишо usa М и RENE E SEN RE 


ممه u=... a u u mmm BOR‏ ماد ee‏ مم م مام م م مص مامد ee‏ م م م م م م ممص ROG n. пп‏ مام م م مام مام مم م ICEOROGCOH HO‏ 


Нин ини ماد د لاد‎ oe йш ши ü m ü ü Š m Š ü = m ия оно Ш = ш ш:ш нш йн й ü п пон m n ee a م ممم‎ ROB п и ий DOR ш и-н ш سس سه سه ةا‎ Ш at. 
= m-m-m-m m مام‎ и и m." n ишп m m Humeur m m." нон n HON HON ип ú nz. ee mm. шош m=" ROBORE ماد م مام د مام م‎ m mummsaras ss"... 


= m s..." م م ماح‎ nu و ع ميم‎ ишш n sm. ee naa и ناوه‎ es ри пони И] 


a سام مام د م مه م م قاد مام‎ tanne = ممم تمك مام‎ HEN ORO EON ms ú naam = oe ee їп в =- m шшш и RR B مام مم م مم مم‎ вне eee 


ZGGUNON m s n م‎ m." m. ú". مم مام م ماه‎ иии и иси и mm. E и пон и и понти ee ROS n... ти иши и ина и ини и ииип una игини и нои и RON 





Acrass 
(3) The straight line segment m a certain direction between a starting point and end point 
(4) А physical quantity that can be fully defined by its magnitude and director 


(1) А physical quantity that can be fully defined by its magnitude only 
(2) А single force produces the same effect on an object as that produced by a number of 
forces acting on it. 
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Physical Quantities and Measuring Units 


General Exercise оп the First Unit 


£T). Choose the correct answer for each phrase of the following: 
4^ A derived quantity of the following is .................. Ане 
(length — mass — time — velocity) 
TT In the international system of units, the ampere is the unit of the |... ЕН 
(electric current intensity ~ electric charge — length = luminous intensity) 
T Dimensions of acceleration аге... 


(LF-LT"-ET^- ET 
2) Write the dimensions of each of: Force — Work — Pressure (equals force by area). 


4 Express the following values using the standard formula in writing mimerals: 
a Те radius of Earth = 6000000 m 


(E) Find the distance and displacement of an object 
when moving along the circumference of a circle 
of radius 7 m from (A) to (B). Then, find the 
diuasce and displacessent when it rerurms to СА] 
another time. 

СВ) Find the magnitude and direction of the resultant of 
two perpendicular forces (F. and Р.) Where: 
F.=3N F,=4N 

Tllustrate your answer by drawing vectors. 

£T, Find the relative error in estimating the volume of a 
cube of aide length 5 em given that the relative error 
in estimating its length is (0.01 em). Also, find the 

(Ж) State the precautions considered when using the meter 
ruler io measure the length of an object. 
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Chapter Cine сабаг quanititkes & Verior quarritibes *« 


(9) A student wrote in a physics test the following relation: 


(velocity in m/s = acceleration in m/s" x time in s). Use the dimensional formula to 


gu Einstein has formulated his famous law: E = m c^, where (c) is the speed of light and 
(m) is the mass. Use this law to derive the international (ST) unit of the quantity (E) 


pru Apply the dimensions of physical quantities to verify the relation: v = v? 2ad 
Where (d) is the displacement of an object moving at initial velocity [v ل‎ and speeds 
up regularly at an acceleration (a) till it reaches a final velocity (v) 


ЇЗ) A and B are two vectors having an angle "120 between them where the magnitude 
of (A у= 3 units and the magnitude of ( B ) = (4) units. Find: 
m Their dot product. Ë Their cross product. 





= ma... MOM mu nn mu HOH m-wrnFawn ш s mmm m. и m an ш ш юв ш шю m ш п шон шоп mmm шшш ш юш юв п ю юш ON DOR ON ш ш OR e ним M R B HOM NUM, 


43) Knowing that the radius of the planet Saturn = 5.85 x lU m and its mass 5.68 x 
10kg 
Жэ Find the average density of the planet materials in p'em. 


Ë ^ Calcula the surface area of the planet in m? (Consider surface area = 4 x Г) 





кыы 


velocity 15 km/h , Find the magnitude and direction of the resultant velocity af the 
42) A motorcyclist drove to North at velocity 80 km/h. Meanwhile wind was blowing 


towends West at velocity 50 kmh. Calculate the apparent velocity of wind as 
observed by the motorcyclist. 


48 If y = (10:02) ст and x = (520.1) em , find each of: 


Roxy В +y DX d ху 
hara Рага гер Compay miji- A їй. Beek 
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Physical Cuanilties and Measuring: Linits 


In a nutshell 


First: Main Concepts 
^ Measurement: Measurement ia comparing a physical quantity with another quantity 
of irs kind to find out how mamy times the first includes the second. 
<> The Absolute Error: is the difference between the actual value and the measured 
value. 

© The Relative Error (rV: is the ratio between the absolute error to the real value of the 

measured physical quantity. 

** Ascalar quantity: a physical quantity that can be fully defined by its magnitude only, 
such as distance, time, and temperature. 

e ео рна рауан bat zam pa БҮ dele hy facade mi 
direction. Examples are: displacement, velocity, acceleratian 
farce. 

Second: Maln Relationships: 

^ The dot product of two vectors А and B: À . В =A B cos Û where Û is the angle 

4 The cross product of two vectors A and B: A ^ B = C ع‎ ABzinÜ م‎ where m 
is а unit vector directed in a direction perpendicular to the planc 
of both vectors À and B. 
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UNIT TWO 


nip t'i DN Pra‏ نا 

í hapiri One : Motion in a straight line. 

Chapter Two : Motion al uniform acceleration. | 
Chapter Three : Force and Motion, 





EN LCR TIN АУ 


Hy the end of this unit, you would be able to: 
Define the concept of motion in a straight line 
= identify the types of motion 

Pit and explain Ше different graphs that represent the relationships 
(displacement — time) and (velocity — time) 

| Differentiate and compare the types of velocity. 
Deduce the equations of moton ar uniform acceleration 
Inquire, analyze, and explain the graphical representations related to linca 
motion. 
Identify the motion of objects under free fall 
Conclude the moton in two dimensions such is projectile motion. 

| Design an experiment to determine the free fall acceleration. 
Apply the relation between force, mass and acceleration 
Explain the action = reaction pairing. 


Ка rtl eae anal impedir kink іе Lie duda id ае ER 


sila Нн ыя 


Арргесше the efforts of Galileo è Scientific interpretation 


laws of motion ò Comparison 


саге owuremess of the dangers ы | 
e : & Classification 


of reckless driving. 
š к Application 
ê Admire the role of science шм! 
аспону m Kinemalics study 


und development of transportation 














Motion in a Straight Line 


храна) Lamine Сш еги 


will be able io: 
» Define Ew concept of saan in à 


) Теа the types of moii. 
that mpeni the relationships: 
(displacement — time! and (velocity 
= tame). 

^ Ti Heserê aad coengarm the types 


of velocity, 
0 incom anziyzz, and explain be 
graphical represenations reiaied по 


Physical Terminology 





moving objects. As we study the motion of different objects, 
il is mecessary to describe and understand such motion. The 
and معهدام‎ into a mess. Schedules of departure end arrival of 
different transportations are mainly based on distances, times 
Accondmglv, in dus chapter we аге going to investigate 
the concept of reden amd the related physical quantities. 








Pise: (Ly itis od cif icp nel oa etic le: 





The pee sequence of of f photos rudes the 
positions of а rat at equal intervals of time. ls this rat 
moving or stationary? 





Figure {2r Фа postition of ite гай changes aver time 
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Motion: ts the change m the position of the | 
obci with respect to a fixed point as the time 
passes. Obviously, an object moves when Из 
position changes during an interval of time. 

If this motion is in one dimension along a 
stright path, it is then called motion in a straight 
line which is considered the simplest type of | 
Eton. Figure (2-3: the train motion is a gond example: fnr tha 


eine ps a rtr ghi Bose, En сару regions гин arm КТАН 
foe à ар (stare. 


Extra knowledge 


= Motion diagrams: the motion of an object can be 
represented by a series of photos taken in equal intervals 


of time. The pattern that represents the sequence of motion 
is called the "motion diagram”. 





Types of Motion: 
Motion cun be categorized into two main types: translational motion und periodic 
motion. 





ҖЕ Traünslational motom is the motion which is 
characterized by having a starting point and end 
point. Examples are motion in a straight line, 
and projectile motion. 

# Periodic motion: 18 the motion that repeats itself ^ Clock Pendulum | 
over equal intervals of time. Examples arc * Рек 
motion in a circle and vibrational motion. 
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Moving objects are described as being slow or fast, Scientifically this is not fairly accurate. 
We can describe the object motion quantitatively through the concept of velocity. 
To Vientity Urin comer, tudy the following motion diagram for athlete displacements 


— — SEES 


— s audits: 


— = wana чы чине... = 


| = 





the table below: 


шй аа. 
Displacement () 0 | s | 10 | as | 20 | 25 | 20 


Using this table we can draw a conclusioa that the athlete displacement is (5 nt) every 
second. This quantity is known as velocity (v) that can be found by the relation; 
dd 
irs Change of displacement - 











Time af change | Ai 
Applying this relation on the above mentioned example: 
Аа d,-d. I0 - 3 $ | 
v xr At TCU : ET 2.] EN ] mms 


їй “Р 


_ Velocity: анны or the rate af 


. It is measured in (mis) or (km/h). 


Graphical representation of the relationship between displacement and time: 

Displacement ها‎ represented on the ordinate (y-axia) and time om the abecisaa (x-axia): 

+ Draw a vertical line starting from the point 
(Js) оп time axis. 

+ Draw a horizontal line starting from the point 
(5 m) an displacement axis. 

+ Highlight the point of intersection of the 
two lines. 

Repeat with the other points of time and 





"us through most 





+ Draw песе! n 
of the highlighted poi 
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Chapter Опа Pigios in a Straight Line 


е- Learning Resources; 
Graphical representation of the (displacement time) relationship using te computer: 








le fis mod cibus. Thaw,‏ وا 
meet dia.‏ 
г :‏ فده » د لهات е‏ 





š time 
تيك ا‎ Ч EE (41. À line appear on he emea. Find the 
(3) Choc inser. Tes, chocs Dus grupi in erat lec isa Ti ë 





d Thinking Corner 

The opposite graph represents a walk of a girl from 

= Wher did the girl stop walking? | 

What is the maximum velocity of the girl‏ حم 
motion?‏ 

me Why is her velocity when moving back 
considered negative? 


ami distance moved by the girl? 





Types of velocity: 

(A) Speed and Velocily 

Focusing on the speedometer of a car, its pointer 
swings right and left during car movement, The 
pointer reading specifies the value of the саг speed 
(for example, 80 km/h) without defining the direction 


of the car motion. This value is known as {Spred}. Flgure 7): Does de speedometee 
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Linear Maan 





However, just saying that a car moves at S0 kah із an incomplete description since no 
direction to give a full description for the car motion. For instance, saying that the car 
nive wc p E in this case, тииди EEO. 











lt ls wonky " thar we are interested in velocity rather ' tian speed when | 
discussing the next texts, equations and probleme since it offers a full description of motion. 
(BiLinifarm and Variable Velocity 

Аз am athlete runa at uniform velocity, his displacements are equal in equal times. But if 
he moves at non uniform velocity, his displacements are unequal in equal times. 


Uniform velocity: the object velocity when it is displaced through equal displaceme 

in equal times. Hh fa velociby таайа sal dives ura cma (icr t okaci 
moves in a struight line). 

Mon-unifonn velocity: the object velocity when it is displaced through. unequal 
displacements in equal times. lts velocity may change in magnitude or direction. 


КЕКЕК ХЕЕЕ K 


a a © عل‎ © = 





É eH ъ= HN ——-kh | 




















Figure (83. mation ай unifirtm velocity Figure {Ше mation &t variahle velocity 
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(Cilnstantaneous and Average Velocity 

Ih mon иа car on roads ія certainly variable. The car speeds up or slows down 
responding to the traffic conditions. Consequently, we are going now to distinguish 
twee itis Distineo Vlaai ad Average: Veloeiy oe Ect 





[nstartanecus Velocity (v): The velocity Average Veloci (v) It is given hy 


of the object at a given instant. Рог dividing the total displacement of the 
example, the reading of the speedometer Mist boe te Metu aa et cmd 
pointer at a given stant, Ebr Urin ines tnt 

It can be determined graphically by the sraphica 





крс ауа Io the velocity 


























М за cer quss ade e vich pa mae ину" 


+ Set a target for each task you are going to accomplish. Examine your targets. Are 
they realistic or not? Decide what you want to achieve and why. 

кс лу к лу ane илди ee eee 
deadlines. Keep а memo or reminder to record activities, dates and duties. 
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Determiration of the velocity of an object i 


Мы Exammlee 





ий А person drove а car in a straight line to cover (8.4 Бн) 
ш (0.12 A). Because the fuel had run out, be walked 
thraügh (2 km) along the same straight line to reach the 
nearest раз station after (0.5 д), Calculate the average 
velocity of this jumney, 

SCR ELE CHAR: 


MEC Mo ال‎ MM 2 Š 
aa Tenn Я | š 

#3 If the person in the previous example rensmed Баск 
ta his car in 0.6 h, find the average velocity during the 
whole atary. 

Solution: 

The total displacement = (84 km) 

"TC 
= 0.124+05406 122 





1- ACCEHTd bon | 

"We have discussed the concept of the variable velocity (magnitude, direction or both). 
Motion in which velocity changers with time is called the accelerated motion and the quantity 
— Decius ot cxi ger asa time is called acceleration (a). 








Speeding up et the sari direction of velocity сре in curves dowing down at the сай 
Figure (Ес dhe tem: acceleratinn iz used ro expresa the change of velocity over cune 
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To investigate the concept of acceleration, study the following motion diagram that 
illustrates the readings of the speedometer of a саг moving from rest and speeds up in à 


UO О Q 











Recording the data of the given diagram that include velocity (mus) and time (s), we obtain 
thc table below: 





Ir is obvious Buche reped ct û constant rate where роте eame ur 
every second. This value expresses the acceleration of motion that can be found by the 
relation: 


Accelention = 


Change of velocity 5 Final velocity — initial velocity 
Time af change Final time — initial time 


Acceleration: the change of the object velocity per unit timc, ог the ra& of change 
f velocity, It is measured in (my!) or ний”, 





The graph {velocity — time) expresses the 
diagram. Notice that a smaght hne 15 
obtained mdiczting that the velocity of the 
саг increases uniformly, and acceleration 
сап be found by the slope of the straight line. 


walocity (mr) 
cow 5 Ú Ww Ü 
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` Types of Acceleration: 
Objects may move al positive acceleration (increasing velocity), negative acceleration or 
deceleration (decteasing velocity) ar zero accelerition (uniform velocity). These types can 
be identified by studying the following motion diagram that shows the motion of a small 
ball alone frictionless planes of differen: inclination. 











+ Three tools in the ear can control the magnitade ar the direction of de car velocity. These are the | 
| meceleratoe to pamp more fuel, the brakes to slow down and the steering wheel ها‎ change direction. x 
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Activities and Exercises 














First- Practical Experiments 

ll) Determination of the velocity of a moving object: 

When an electric car tay moves on a smith surface, it 
Expected Learning Outo moves ara uniform velocity in a straight line, 1f a metric 
ruler is placed aside of the car track and we photographed 
the car using a digital camera, we can explore the relation 
between distance and time when displaying this video. 
Usually during display, a videa provides а counter for 





FGnls and Маман 

== | “Ту Fix a metric ruler aside the path that the car would 
реза by. 
Choose one of your team to act as а camerama 
Place the car at the start line. Allow it to move in а 
^ might line parallel to the ruler 
Восені the car motion using the camera. 

J Adjust the computer to display the recond a shot 
after another by clicking pause every 5 seconds, 
(6) Determine the car position at cach instant by reading 

the metrx: ruler on video display. Tabulate your diti: 
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Analysis: the obtained results in the table, аа аа 
between distanpe /d) vu tie veriiea] icit and time: (Ó on ie hozizontal axis 


Conclusion: It i$ known that when am object moves at 


uniform velocity, 
d= Yf 
This means thet the slope af line = 
44 








FE 


isle oco جحي ع ا سو‎ LLTTTITLL] 





Enrichment Activities: Design experiments to find owt answers for the following 
questions: 

= What is the effect of the surface harshness on the car motion? 

@ How can you measure the velocity of a bicycle rider? 


Second - Evaluation Activities 


> Prepare a photo album, either software or hardware about motion in different sports 
and ammsensent games, Classify each motion into eitber 
periodic ar translational. 

£1, Discuss with your colleagues traffic problems in Egypt. 
Try to suggest нє many autiona as possible for these 
problems. 

C$, Write down a research about the developmeat of 
transportation through mankind history. Estimate the 
maximum speed by which cach of them moved. Record 
your data in a table, 
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Mion in a Straight Line 


Third - Questions and Exercises 
*T) Calculate the average velocity in km/h for an athlete who covered a distance of 


So ee Hom —ss ш ш шсш в ши ши шоп шон ши m... =m. m ممم‎ м m оп ош шош п и шош шн ш s"... 


(I) A student carried out un erperiment study the motion of a cart uring a ticker- timar 
where the position of the cart is determined every second on a ticker- tape as shown 





TO Describe the motion of the cart, 
Ly а eon Qut 


"=. Find the acceleration of the cart. 


عع ددم ممه иона‏ 


(Зу The graph below represents а Journey of a сас Sead thé legem ant. kayar tio 
following questions: 





о 5 33 75 uH I 173 Time(s} 


O ресе тенг бенон! 


w.......... 


m Describe the car motion in section PQ. 


ВЕБЕ нова а В ma mn пй ma ва Бин ee RE Ge Баны ee eo E ÎÎÛÊ 


a ш ш ши ш BER E REOR muzamumccm&aaaa ш ш DE ш шш шош ш оп шош ш п mmassrraaraasmumamunummmunumnmumnnunmaaraas HOHOR R HO BO RO RO ROHOR‏ اه هماه مام مام مام مام مامد 


T Which point PQ or R represents b first instant of applying the brakes? 
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مج عد عونت Calculate the total distance traveled by‏ كم 


& НИР able below graphically. Then find from the graph 
both acceleration and dasplacernent alter 12 $, 





етот отт s E 
yT 


if ic a "ma i e dicet ch sim. doce this cen tini ti dod muq 
equal zero? Give an example, 


aü"... ийиши и йн и us ЕСС mü ши ш п üm اد قاد مد ممه مقلم م وقد ومس ملسست‎ maa aa шй ш ш ШЙ н ш Шон üu Ш mcs ma 


Т) W the velocity of mn object st ¿gw laga وروت‎ ws ТЫ k ومح‎ that its 
MERE durer E MSN: 








(3) А type of motion which is characterized by 
having 2 starting point and end point 

(5) The moton that repeats itself over оса] 
intervals of time 

(7) The quotient of total displacement and total 


(8) The object velocity when it is displaced 
through equal displacements in equal times. 

Down; 

(1) The velocity of the object at a given instant. 

(2) The change in the object position as the time 

passes 

(4) The displacement of the object in one second, 

(6) The change of the object velocity per unit time, 
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By the end of this chapter 
you will be able to: 


> Dedoce the equabtons of motion 


al uniform: acceleration. 

> Тай Гу tee motion of objects 
umdrr fren Fall, 

У Conclude the motion in ten 
іга аы 


à Doig an etic to 
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You have studied in the previous chapter that à бега: 
is the change in velocity per unit time. This acceleration 
thay be uniform (constant) or varying, 





Figur (11): motan mi: 
Thom accelerate 


Motion of an object at uniform acceleration hus а 
special importance зіне it represenis [he | uf 
a mumber of objects in our experience. Бойы ray 
include those objects falling near the Earth's surface and 
projectiles, 





Башне (UF: Tempe of water Fusre 1 علك‎ daine та йг ša ЗА 
[Fors the top of a паше ы ar uniform acceleration 


Assuming that an object moved in а straight line at 
uniform acceleration (a), and started motion from rest at 
initial velocity (v) It reached а final velocity (v) after 
an interval (f) daring which it was displaced through а 
displacement (d), We can describe such motion using 
certain equations called equations of motion as follows: 
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| l= Equation of | Velocity = Time} 
You know that acceleration (a) is given by the relation 


W =Y. 





a = 


The change of velocity (v, - v) can he obtained by multiplying bath sides by (t) 





This is the first equation yon of iolon that means: 
Final velocity = initial velocity (v) + change of velocity (ar) 
3 Thinking Corner 


me Compare the acceleration of motion of the fastest animal on Earth and that of one 
of the fastest cars using the previous equation. 









Figure (15): Cheetah can change its Figure (16): Bugatti Veyron cor changes iis 
speed from zero قط‎ TIO inus in 3 sects speed from zero to ГОО Eris in 24 secenmds 


L. 
T 


7. Equation of (Displacement - time} 
The average velocity of a moving object can be given by the relation:{ v ) 
d 











ТР 
Since the object moves at uniform acceleration, the average velocity can be given by the 
relation: 
ЕЕ, 
й 
From the two farms 
ie ии 
Е 2 
Substituting (v) from the first equation of motion: 
d — (wysa-vw 2 +a Ї 
ИС: ^ ow. Тя 


Multiplying both sides by (r), we obtain: 
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сект with Linton Acceleration 








№ When the object moves in à straight hne m ome direction, ts displacement (4) 
equals the distsnce it covers (s). 
* When the object moves in a straight line but changes direction, such as the object 
that is projected vertically upwards then falls back to surface, its displacement (d) 
does not equal the distance it covers (s). 
Since displacement = velocity x time, this corresponds the 
numeral value of the product length x width in the (velocity 
— time) graph, or in other words the area below the curve. 
Accordingly, we cun deduce the second equation of 
ее фт er жина барс ВИ aaa 


the area below the curve in (velocity = tire) graph ie. the 
area af both the rectangle and the triangle. 


The arca of rectangle av, f 


1 
The area of the tangle = (v, - v) 








Since the change in velocity (v, - v} equals far) 222*222 
! 1 | | 
The object dis HUN. renee ELLA 
Е wig 


d= بن‎ + 2 at 





Асма Et Wi 


à отт тех Е РУР for example 
by considering | the area below the curve as a trapezium ог two triangles, etc. 


i- Equation of |Displacement - Velocity 

Sometimes tme of mation 1s unknown. Because of this we need to deduce an equation 
independent on time as follows: 
Displacement of ohject can be CE the relation: d= v ¢ 
ишш ( v ) and (th using the following formulas: 





d m Le EE um 
à u 
Thus, displacement can be found as follows: 
aÉ v y, и NW v) ul 
2 a 2а 
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E / лить = Linear Motion 


Three equations of mation are obtained right now that can be applied to the motion of an 
object at uniform acceleration. Except for time, al! the included quantities are vectors. Sa, 
First of all a positive direction should be agreed at. For instance, if the direction to right is 
considered positive, displacement, velocity end acceleration are positive if their directions 
are to right and negative if thea directions are to left, The table below summarizes some 
cases based on equations of motion 





Lene [yee SR | sey 


2 ad = ae 


Overcoming Learmimg 


BI ifa qm 
171 mir dio dicate In converting the word problems into a mathematical 


# Ils speed imcrenses means; acceleration is positive (if velocity is positive) 
* Its speed decreases means: acceleration is negative (if velocity is positive) 
$ When? Means find the time. (z) 

$ Where? Means find the displacement (d) 





Time management 7a 
+ Estimate the пиетуа! expected to finish a particular activity. 
+ Make balance between studying, doing assignments, and homework at one hand, 
social events, hobbies and fun at the other hand, Evaluate the importance of 
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аў Ап areoplane lands on the runway af velocity 162 
km/h amd decelerates uniformly at (0.5m/ я?) Pind 
(һе lime И takes till 51005. 


Solution: 


v = 162 x = = á тй v =O 


ñ = -0.9 m v,m v, üt 
Ü = 48 + (-0.5)1 - 45 m (-0.5)1 
t m 90) 5 
Û] a person drove a car at uniform velocity (30 mis). Suddenly, he saw a child 
crossing the street and Ве applied the brakes to decelerate the car uniformly at (9 
m/s ^). If the person reaction time to use the brakes is (0.55), find the displacement 


of the car till it stopped. вых agp iib РЕР 


Displacement of de car during ВИ б f 


reactlon time (uniform velocity): н +x 


k 
d = v Ге (70) X(05)9 lm flat = سه لوو‎ ра ee s ве S ку 
E 


Displacement of the car wher ü 


2 ad, = =i 
Since, v, (of reaction time) = v, (when braking) 
“ 2 ad, = —v? (of reaction) 


-yi -(38F 
rq wt... ————— 
: Ju 2x9 


= Sm 


dad +1, = 19+ =65т 


Note that the total displacement of the car is the same as the totul distance covered by 
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Safety Skills "1 


+ Tosavesouls, avoid the dangers of skipping prescribed speeds, and traffic instructions 
should be followed. One of these rules is leaving an appropriate distance between 
vehicles in onder to allow the driver to stop safely im case af emergency. Obviously, 
more spacing is required as the speed af cars get higher. ûf the road is wet or has oil 

48 mk Em нт Ё тот ñ hemes tha car [eu ghi 
óibwh 2 — 36=:= 9 times the cas bengh! 
ERES ša ое the car Inga 
ED aa = 15 times the ese lenght 
J оо durisg braking 


Applications of mation al uniform acceleration 





Free fall: 

If we drop a book and a sheet of paper at the same instant from the same 
height, which of them reach the ground first? But, when the sheet of 
paper is placed adjacent to the book topside and allowed to fall. what 
When an object falls to ground, its motion is affected by the air resistance 
due to collisians between the object and air molecules. The impact of 
this resistance 18 greater on the velocity of falling light objects than that 
of heavier objects. 

Mots thal no алг гезіхівлсе affected the sheet of paper when i was 
placed adyacent to the topside of the book during falling. 

To simplify this issue, we are going to study the fall of objects under the i 
effect of their weights, only neglecting the effect of air resistance. This Figu (LE would 
motion is called free fall. It is worthy to mention that at the absence of wa Fett maak tha 


apa «nfl nis ы | | es I proud ad (hc aan 
air сала, аа fall uy the ground at the same acceleration. 1 1 in a vacua? 








= Galileo proved that falling objects of different masses reach 
the ground at the same time, When air resistance is neglected. 
By dropping two objects of different masses down Tower of 
Pisa. This experiment put an end for Aristotle thoughts that 
implied that heavier objects would reach the ground first. 





The opposite link shows what happens when 2 objects are dropped 


š xx 
(56) Рук - Рим يوان ويج‎ 2019- 2020 Sahya [*riting Compeazy 
|| иии“ 










Chape Two Хоп with Uniform Accaleratian 


Free Fall Acceleration {д}: 
It is the uniform acceleration of objects that fall freely, 
This acceleration equals (98 mvs") and means that the 
object velocity when falling freely increases by (9.5 туз) 
This acceleration fg ) varies from one position to another 
depending оп its distance from the Earth's centre. For 
simplicity, it can be considered (ЛО mic) 


Figure (20) Does this person Fall к 
ESE 9 8 ins"? 


Salved Examples 


IURI‏ سكس 





3) ting the data тоске, plot бе graphical ео (браса te) and беу = ime) 





Suo | xampie - 


al m————— 
at 78.4 m high above sea level. Find the velocity by 
which the box hit water giving that acceleration due 
to gravity 9 8 m/s? neglecting the air resistance. Also, 
Find the time it took till splash, 

Solution: 


v-0,g-2958ms' ,d-784m 
2E dmv v? 249.8 x TEA m v 
v= 39.2 m/s 
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ЕЙ A stone fell from the roof of a building. If the stone 
passed by a person standing in a balcany 5m hich 

| above the ground 4 s later (caesider g = 10 m's”), find: 

[A] The building height 

| 8 The stone velocity when passed hy the person. 








dzv.t RIT M 
J 
1 
d=0+(—- х10 x16)= 50m 
(A) The building height: h=8045=85m 
(В) The stone velocity when passed by the person: 
Ev FET 


v, ذا ع‎ + (10 x 3) = 40 m/s 


Û Amango trait has fallen from a tree- Find its velocity when it reached the ground 
if it took 1 second to the ground. Then, find the average velocity of the fruit 











during Falling and the height from which it fell. 
барип: 
Given data: w-zÜ = قلعم‎ 
Velocity af reaching the ground vm V. + gt gr 

vm [0 عد‎ f = IO muy 

— Уи 
The average velocity of the fruit during falling y nc 

еа I0 +0 БЕРЕТЕ 

2 

The height from which the fruit fell: نيك + برت ل‎ gr 


Ч | =) [IU (If = 5m 
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In an experiment to determine the acceleration due to gravity using falling water drops, the | 


distance between the tap and the place base is (Tm). Lf the time taken by (100) drops is (45 5), 


Solution: 
Счет data: d=im , 
‘Total time 


Time taken by one drop to full (J =—— of drops - 


Subatituting in the second equation of motion: 
ў = 
Я = 73 EF 


0 2х1 Е ! 
= 095х045 = 38 mi 





(a) Vertical projectiles: 


+ When ап object is projected vertically upwards, it leaves the hand at initial velocity (v ), 
+ The object moves at uniform acceleration (-/0 m/s"). The negative sign indicates that 
the direction of acceleration is opposite to that of velocity, 


+ Velocity decreases gradually as the obiect pets higher till из velocity reaches zero at 


+ Direction of velocity changes when the object returns back to the ground under the 
effect of the Earth's gravity that makes the object accelerate, 

+ Velocity of the object when projected up = = its velocity at the same point on falling. 
The negative sign trsticates that rhe two velocities are in opposite directions. 

# Time of rise = time of fall. 
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JL oe a — 
Solved Example 


Time, displacement, and velocity of an object projected vertically upwards at | 

PEE ee DEPT ETT 

ао ох С А ИЛИ 
elus Les Гоз ева 








hg reine aa massal‏ وسيم 

| Determine the object velocity at the points F, Qand N in the (displacement — time] 
and (velocity — tire) graphs. 

2. What is the slope of the line in (velocity — time) graph? What does it represent? | 
Why has it got a negative sign? 

Soe LIE FORI 


1 Finding velocity by the siope of tangent at points Q ,P and М m (displacement - time) graph | 
Еб 


у =O м =— = 10 m/s 
D "^ 086 


These values are the same as those obiaind in (velocity - time) graph. 
2 | Acceleration (a) is the slope of line in (velocity = time) graph: 


Ау AJ 
a سج‎ = ——— = - lO m/s? 
Ai z 
The negative sign irxbicales thal the object velocity is decreasing as 11 goes further from | 
the ground. | 
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Chapter Two Motion with Lintionm Acceleration W Р. 


i) Projectiles when projected at an angie (Miatran in two dimensions): 
You have studied the motion af objects at uniform acceleration in a straight line either in а 
when projected at an angle to the horizoatal under the effect of gravity 








EFT: | Fagun (ES: why de spada raba a puru?‏ ا ت ا ا و 
Studying the projectile motion such as that of a ball or a сапан shell shows that it takes a‏ 
curved path (figure 26). It starta motion at initial velocity (v) at angle (8) to the horizontal,‏ 
Wa can resolve velocity into two dimensions; horizontal (x) and vertical (y) as shown:‏ 





ъъ 20 


i 





„1, vicio. late و وا‎ 

The horizontal dimension (x): the ball velocity is uniform (v, ) neglecting any friction. 
This velocity cun be found by the relation; 

v, =, cor B 


Suhstituting in the three equations of motion by the value af (v, ), cansidering (a, = OY. 





The verticn! dimension (v): the ball moves m the accelerabon due to gravity. Consequently, 
velocity varies, We can find the initsal velocity in the vertical dimension (v. ) by the relation: 


v, mv, sin 
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Substituting in the three equations of motion by the value of (v.) 1 
AE 
considering (а, age -FO mis) ly 


The velocity of the projectile at any instant is given by Pythagoras’ |i. 
relation: t š 
vm v,! >, А | E uns 


Finding the time of reaching maximum height ít): 
Substituting in the first equation of motion by (v, = 0), we obtain: 
О= t gi 


Le. : 





Time taken till returning back to the plane of projection (flight time: 





Finding the maximum helght reached by the projectile (hi: 
Substituting in the third equation of motion by (v, = 0}, we obtain: 
2р һр ur 


Le 





Finding the range (the horizontal distance reached by the projectile) (Ro: 
Note that: T = time of the horizontal range = flight time 
Substituting (a, = o) and (d = R) in the second equation of motion, we find: 
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А motocycle is launched at /5 ms in a direction at an angle 360^ to the horizontal. 
[А] What îs maximum height reached by the motorcycle? 
[BÎ Find the time of its flight. 
(C| What is the horizontal range reached by the motorcycle? 


Sol utin: 
First, find the value of (у, ) and (v, J: 
LEE M)m 15 x 0.866 = 13 m/s 


v. = v, аш 30 = 15 x: 05 = 7 5 mis 










„ттлт a OEE orto 
Tange when it projected at an angle #7. And 
the horizontal range 1ã the same when the _ 
projectile is projected at Complementary 
Angles (Angles having a sum equal te WF) 
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First- Practical Experiments 
)1 Determination of rhe acceleration due to gravity: 


If the time (0) taken by à water drop to fall through a 
displacement (d) ig determined, the free fall acceleration 





can be found by the relation: 
ЕЕ 2 
d=- g 
Procedure: 





гіі 
bench 


lopi and *Aaferials 


(Т) Prepare the apparatus to function by adjusting the 
distamce berween the tap and the dish surface to be 
exacily | m. 

(2) Control the tap carefully to allow а water drop to fall 
just at the instant of hearmg ibe splash of the previous 
ыра не ак БН 





£X, Use а stopwatch to record the time taken by 50 
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Chape Two 


Marion with Liniionn Accateration ®: 


drops (t). 
| | o Total time 
Time taken by one drop to fall = "Number of drops 


a) Repeat the previous procedure several times and find the average ime taken by one 
drop to fall. 





Find the free fall acceleration using the relation: 


1 
d m — gr 
"325 


Enrichment Activities: 

Design experuments to find out answers for the following questions: 
me Would objects of different masses fall ai the same free fall acceleration? 
we How can you determine the free fall acceleration using а simple pendulum? 





Second = Evalualian Activities 


(T) Ibn-Malka El-Baghdady is a physician and a philosopher 
who became fanvous in the sixth century after Hijrah and 
considered “Unique of his Time", He was born and grown 
up in Basra, then traveled to Baghdad tn work for the two 
Abbasid Caliphs; Al-Moktada end Al-Mostanser. He got 
ñ great stature that he was known in his time as the “Iragi philosopher” . 
Write down a research about the contributions of Ibn-Malka in physics. 
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£1, Cooperate with your colleagues to design models for 
electors using materials from your environment such 
as: rubber bunds, wood sticks, pencils, etc. Use these 
models to investigate the Factors that affect the projectile 
motion. Apply your factors to control the projectile 
trajectory to hit a target at a particular distance. . 

wr How does the angle of projection affect on its trajectory? 

How does the tension force m the string affect on its‏ جا 
ігајесісгу?‏ 

m What is the effect of the projectile features قت‎ Hs 
trasecznry ? 


w To what extent your results may change if camed out 


m fue преп? 
T, Studies have indicated that accident victims on roads and railways in Egypt 
estinudted by 6500 persons in one year. On the other hand, in two years about 67 
thousands have been injured or lost parts of their bodies. Discuss the problem 
of road accidents suggesting some solutions. 

Third - Questions and Exercises | 
(5 This figure illustrntes a ball rolling down n smooth plane at a uniform acceleration. 
Points of (A, B, C, and D) indicate the ball position every 0.5 s. Based on figure, 

answer tha Following: 
= How can you detect that the ball is speeding up? 


йййпаййаййййййййшйипйнй=<июкш=ишййжыййааййапайшйаййййййй шый RE Rum š ü š š š ša š B aaa sü s 











m m—mm m mERRRRRRRRRRRRRERRRRR cm uma Riad ee a. a= مومس‎ Û û Ûû dann nnn ива 


5 Calculate the ball secelerstion if the distance 
between (A) and (D) = 2m. 





£T, A person at the roof of a high building has projected a ball at velocity of 50 
mis. Given that the acceleration due to gravity is 10 m/s*, find the velocity and 


incest VE I tab bo EE 





=> The ball has been projected upwards at an angle 30 io the horizontal. 
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T^ The ball bas been projected horizontally, 
{î} Choose the correct answer for each phrase of the following: 
O Dimensions of acceleration аге ................ 
ЖУ LT" TL 
e LT TIT! 
© When the change in velocity of an object is zero, ................... 
> its acceleration is positive. T йз acceleration is negative, 
X^ its acceleration is zero. ТУ the object is at rest. 
€) if both directions of velocity and acceleration are negative, uian 
>. velocity of the object increases. | № velocity of the object decreases. 
c^ velocity of the object is constant, T the object пней, 


© Two bodies of different materials having the same volume fall freely together from the 
same height, Which statement describes correctly their arrival to the ground? 


time. 





o The graph that best describes an object projected vertically upwards and returmed 
buck io the point of projection, having the direction af initial velocity positive, 
B us 





1 i 
{j What is meant by each of the following; 
7r. Displacement of a table is 3m 7 
У Velocity of a bicycle is 5m/s 7 
T Free fall acceleration i$. 9.8 m/s? ? 
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fF, The velocity of а car moving im a straight 
linc was recorded during 30 seconds and then 
pairs to analyze the diagram and extract the 
information required to complete the table 





apes OF car HEHH 
Initial velocity (v ) 
Final velocity (r, 
(Av) 
Time of stage (t) 
Acceleration (a) 
Description of motion 
during the stage 

©) Complete what is missing in the following concept map: 


during free fall. 
Dery 
(1) Numerically equal to the area below the carve in 


(2) Atype of acceleration when the rate of change of 
velocity is constant, 


(2) The fall of objects under the effect of their weight only 
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By the end of this зи you 
will be able tn: 
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coacta чоойу ead accolumion went geting i 

"asikun ООО 
af accelerütban due to the прасі of a farce. This leads us 
to Newton's lawa af motion that are considered aa basic 
laws in physics. 








етіп к irst lan 


Мау you have retumed home one day after a long absence 
in place, isn't И?" Have you ever thought that you have 
just stated one of the most important laws in nature! 


Moreover, if is known that а rolling object on the floor 
would move for a certain distance, slowing down, then 
stops. Ancient people thought that the normal nature of 
an object was being static; meaning that every motion 
devolves to rest. Bat, experiments show that the rolling 
object experiences forces of friction that.slow it down till 
stop. If these forces do sot exist, the object would keep 

and would not stop. This principle is known as 
Nem s First. Law ot motion, 


"Newton's First Law of motion: ЧА static object keeps | 
ths state ef Test, und a moving ohjert keeps in state of 


motion at uniform velocity in a straight line unless 
acted opon by a resultant force.” The mathematical | 
formula thal expresses the law: F F = 0 | 





Шпее Motion 





The term А F is the resultant force that miy equal zero when the forces acting on an object 





A ыш йук kneps ulcus ылу] ироа by A moring object kacps #3 unless siod upan by 
п» жый of rear а гаршы, bose Mahe of mobie at ued on. ñ Mune forme 
vrlocity in x straight Line 
Fare (FE: Hewion'i Find Law of Bona 


Appiymg Iewicu s Fira Law, we can draw a conclusion that when the resultant force = Û, 
celeration = D, and mo change happens in object velocity either being static or dynamic. 

Ale, а геал force is needed to move a static object or to stop a moving one. No need 

far a resultant force to move objects at uniform velocity in a straight line, 

Newton's First Law № related to the concept of inertia. Accordingly, it is called 

"Law of шегца" 





inertia: the tendency of an object to keep either its state of rest or state of motion 
at Hs original velocity uniformly in a straight line. This means that objects resist 





Pall of гүп Шып the Мий rider Flies off Seer belt should Be 
Теше when me rieg is the snoiorcyole when it kits Fastened on driving. 
returned сарі» ab clstacle. 


Figure (255: daly һе коња based tr^ inertia 
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lech eec o ДЫ] ampli cone 





[i па гоо асаыь Е а Chat zb جتحا اهمه حا جر‎ ler cr اه‎ ie cn sca thet coed tice Dan تدعا‎ йш of 
inertia сбить سك‎ on the maas of thew objecte umo Beer vulzccir msc ihat: 
+ Er ja chick po йү Ck peed bein Whe 4с aü waar Lo yp ER AL rreclowamybe ma. 
مسد‎ Инш Eat thay are moina at iha fone sede. 
* BT ak reo nice а cue Se NL hii ааыа dle id da ate залан ат eee xd Ene» cpees«d 
The reo previous olbseervalgiense indicate thar зае py bal qnae pom Т ЕЙНЕК Do ori Guia 
leap tant. gdoyescal ousastim Enoven 58 بويك وكات كور‎ US 


DE ceni ачый LESER IW Di ы чыіх | 


Е = пг 





Sonica velocibw sm eect, then momentom ke ales m جايس‎ m gb» direction ва the rire 
tica cf vwleciby mare Che шл НЯН ГЫ ЫШ ETE di a es. 


IL mero E Ee E 


За ewe leat that whan пып тенант faros affects the mlj., d" Кова Ен: ee BE 
السجيسه‎ era, нарын. لود وض‎ ото ee аана 
ТЕА الهج‎ и E: ums ر سان‎ mai برد هه کو ”ہا ا کم‎ uos decide 
"wn lew, Татты, the factors mffacring sack mccelhermcban. 








| Domo Feel Lar oP ferai 
1 The ped ant fecce ОЕА جروج‎ an сыра сі sunl te the rate of change cf rie Hominini” 





4500 Duces Pie q. acad Lae re mu S mnl Fem 2 S ا‎ 
Fm Em ке — 
From iha pravite ra lagaacsra we Lun conclhnadas Chat xccaelberaiion is chrectiv ките omul £a 
una ia aE Poon ce Len ob pot and ra mr page درت‎ al bo ita cane. 


wa 








prm iran ayat asi iL LIRE, er racer Duda, Pasa 
шаа os та. سيم‎ тїш ыл صحما‎ 
аута р لاس د سس طم‎ Bp: (ЬШ: dnce nf oe wi mre 


Жаик Deming Semper pti - деше لوث‎ rb res Tace (ут) 









Newton's Second Law of maion: "when a resulmnt force affects an object, the 
object acquires an acceleration which is directly proportional to the resultant force 


expresses the law: a= ES or EF = та 








than a heavier ane (200 kg) does, when affected by the same force. 
Through Mewton's Second Law, we can state а definition Tor the unit of force, “The 
Mewton" 
The Newton: is the force that when acts on an object of mass 1 kg accelerates it at | 
Le. 1 Newton = | kg. o's? 


ж Aforce of IN acts on а wooden cube and accelerates и at certain acceleration (a). 
When this force acts on another cube and accelerates it at acceleration (За). What 
__ do you conclude about the the two cubes? 
Mass and Weight 
Through Newton's Second Law, we can infer that moving or stopping a heavy body as a plane is 
much difficult thas a lighter body аз a bicycle. In other words, the plane zeasts the change in its 
И Therefore, mass of an object is defined by ite 











Ене (351: the plane rasa ra da сева алой خا‎ change На Кіпела atita 


Also we cam infer that axquirme acceleration implies the existence of force acting on the object. 
In case of moving at free fall acceleration, the object is ander the effect of the gravitational force 
of Earth. 

Therefore, weight of an object ia defined as the force of gravity acting on the body. Its direction 
ia towards the Earth's centre and determined by the relation: не = my. 
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Newilon s third law 









Figure (H): sba happera whee صا علد‎ іре (35): what happen whee Fim (315): what happess ta the 


an infisisd balloon is alkowed to rus kicking za opposite vat whale Оба when the bullet goes cut? 
نيلك‎ miting oma desk chair? 
Newton formulated zn explanation for the above mentioned situations through his third 


law of motion that studies the mature of forces acting on objects. He noticed that forces act 
in pairs of equal magnitude and opposite directions. 


Newton's Third Law of mation: “when an object acts oe another object by a force, | 
the весов: object reacts with an equal force on the first object in a directiog apposite to 
that of action." 


Le. For every action there is а reaction equal in magnitude and opposite in direction. 
The mathematical formula that expresses the law: F = - F, 








Sahara Priming Company 2019- 2020 Sudani Bock 


Linga Mecion 



















Third law of raotoa implies that: 
* В faro MES OG лени, Action and reaction ane pared; originate and 





* уер a S PNR ifthe action i5 a gravitational force, reaction 
is à gravitational force, as well. 


+ 11 14 not а must that action and reaction are at equilibrium since they may act on 
different bodies. 


The link below shows Newtoa's third law of motion and some applications 
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UJ What is the relation between the force acting on the elephant and that oa the man? 

И Why are not action on the elephant and reaction on the man at equilibrium? 

Û If the clephant's mass is 4 times heavier than the man's mass, calculate the | 
mecelerution by which the elephant moves giving thet the man moves at an 
acceleration dmir Why is the elephant acceleration negative? 


Solution: 
HB] The force acting on the elephant = the force acting on the man. 
F = -F, 

Î For two forces to be at equilibrium, they must be equal, opposite, having one line | 
Of action and act оп the same body. АШ these conditions except the last one may 
reaction is on the man. . 

#3 Finding acceleration of elephants motion: 

F,—-F, 


ma, “ 6, 
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First- Practical Experiments 


(1) The relation between acceleration and force: 

When a force acts an an object, iL moves at icceleration 
To find the relation between acceleration amd force, а 
small cart is pulled using a known force (the force due to 
the weight of known loads) and its acceleration of motion 
is determined by the relation: а= -— = 7 Риа 


them can be соти 





Safety Rules 





Tools and Materials 





; Set ap the tools as shown in figure. 

(T) Add loads gradually to the hook (4 g each time) till 
the cart starts motion slowly at uniform velocity 
that means that the weight of these loads has 

@) What do you expect when other masses ure added? 


@) Now, hang a load of 10 g to the hook. 
(3) Measure the distance moved by the cart (d). 
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{%) Allow the car to move and rmeasurc the ume (Û taken to cover the distance (i). 
Repeat this step several times and find the average value. 
Т) Add another load (10 g) to the hook amd re-measure the time (t) taken to cover the: 
distance (d). Add a га load (10 g) and repeat the procedure. Tabulate your results: 
Results: 
w Calculate the moving force acting on the cart each time F = mg = Im. 
Ë Find the acceleration of the cart motion using the relatio 
ТУ Record the results in the table below: 


Zu 
в 





Results Analysis: Plot a graph far the relation between farce 
um the vertical axis and acceleration on the horizontal axis. 
== Find the slope of the line and use it то determine the 





ü ü ü umu ü= ü йш ий ü= saa a 


Second - Evaluation Activities 
(D Design a model for a rocket propelled by аш, Pass а straw about a wire which 


is suspended between two opposite walls. Stick an 
inflased balloon to the straw meanwhile its slot عا‎ 
to allow air to rush out. Where is the balloon moton 
directed? What is the similarity between the balloon 
motion and the rocket motion? 
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means of rrunsportation on land and sea in the near future. 
These crafts move over ап аҥ laver that minimizes theer 
friction with track ar water, According to Newton's first law 
of motion, these crafts would keep moving due t the absence 
of friction. So, thay would attain very high speeds. 
Couperate with your colleagues to design а medel for а 
hovereraft using materials from your environment such 
as: bottle lid, a ballon, adhesive material, and a compact 
disk, 





`› Chima aims to manufacture the fastest world train. The 
idea of this train is to move through à tunnel evacuated 
from: air № omit Friction between the trin and air 
because of the absence af air. 
Write a research about that type of trams and the possibility 
of using them in Egypt. 





Third — Questions and Exercises | 
e If a train suddenly mowed forwards, to which direction a bag beneath a chair would 


morge? 





T) Explain this saying: "Newton's first law is a special case of Newion's second law" 


(D) What is the weight of а space probe of mua 225 kg 
| on moon, assuming that acceleration due to gravity on 


moon = J 62 mg? 


T Evaluate the acceleration by which two loads fall freely; 
the mass of the first load = 5 kg and the other = 7 kg, 
neglecting the air resistance. 





КЪ) An astronaut projected a small object in a certain direction. What would happen to 
the astronaut as a response to bis action? Accordingly, suggest a method to change 
the direction of á spaceship outside the atmosphere. 


a M معام‎ и и ماع‎ MON ZH MOM mf ee was ш шоп OZ = ш шош м ш HON- ш ш изиш — s m M ион и и m" m..." سام‎ — a =" ="... 
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(E) Choose the correct answer for each phrase of the following: 


ab When the resultant force acting on a moving car is zero, the car 


TO moves at positive acceleration. ^ B^ moves at negative acceleration. 


T^ moves ar uniform velocity. T^ stops motion . 
© Newton's third law of motion can be expressed math 
© EF=0 T EF=0 
© F=ma T Е =. Е, 

£T, Complete what is missing in the following concept map: 








(Е) Enjoy crosswords: 

(4) Newton's law that states that: A static object 
keeps Hs slate of rest, and a moving object 
keeps its state of motion at uniform velocity 
im a straight line unless acted upon by a 
resultant fone. 

(5) An external influence that affects the object to 

(6) Newton's law that states that For every 
action there is a reaction equal in magnitude 
and opposite in direction 

Down 
(1) The tool used to measure force, 


(2) Resistance of object to change its kinematic 





(3) Tendency of an object to keep either its state of rest or state of motion at its original 
velocity uniformly in a straight line. 
(7) The force of gravity acting on the hady. 
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(1) Choose the correct answer for each phrase of the following: 
Û A bicycle moves at uniform velocity in a straight line to Баі when the resultant 


force on the bicycle is .................... 
m^ FEO To negative 
7" positive. T towards east. 


o When an object is projected at initial velocity in 2 direction making an angle 
60° to the horizontal to reach a horizontal range R. To make the projectile reach 
B greater range, it should be projected at the same initial velocity and angle 








Aro dts velocity decreases with equal amounts in equal times. 
^E Из velocity decreases with equal amounts in unequal times, 
To The resultant force acting on the object is zero 


© The graph that best describes the motion of an object at uniform velocity is .. 
x 
y № * x | 
t — t U L ۾‎ 
Е b č d 
Ю When the direction of acceleration is opposite to the direction of velocity, ... 
1 resultant force decreases, ТУ object velocity increases. 


To object velocity is unchanged. T object velocity decreases. 
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C. You have four ticker-tapes that describe the motion of objects. Match cach ticker- 
tape with the proper graph that тергезеп ihe sume motion. 





— rr [uem] [peri] 
displacement 
{ ш “| Ж / чаш 
L + Time u pine Tuma 





ш The common acceleration af сас misses. 
= The tension force in each thread, 
КЇ) An elephant pulls a wooden lump of 
mass 0.5 ton hy a rope along the ground 
at uniform velocity олус that the горе 
makes am angle 60 le the horizontal 
йх shown. in figure. 
Сизеп that the frichon fore between 
the lump and ground ia 200 N, find: 
we The tension force in the rope. 
we The tension force in the rope 
required to make the lump move 
at acceleration 2 тї. 
КТ) The opposite graph represents the change in |, 
the vertical component of projectile velocity in ' 








projected. RM 

we Maximum height reached by the object. E 

we The horizontal range. 0 

(у Use the data given in figure to find the projection 
velocity of a cannonball thet is required to hit the ship. (a = JÛ ms?) 
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In a nutshell 





First: Main Concepts 
^ Маша : the change in the position of an object relative to another object with time, 
> Velocity: the displacement of the object im one second. 
© Acceleration: the change in the object velocity in ane second. 
Earth's surface. 
Second: Main Relationships 
v, v, + ai av f+ L ہے‎ 2 ad = v? - v? 
3 2 DL 
v, v cor Û v= v, sin B 
(hird: Main Laws 
> Newion’s First Law of motion: "A static object keeps its state of rest, and a moving 
object keeps its state of motion at uniform velocity in a straight line unless acted upon 
by а resultant force.". X F = 0 
^ Newion's Second Law of motion: "When a resultant force affects an object, the 
object acquires an acceleration which is directly proportional to the resultant force and 
inversely to the object mass." У = ma 
> Newtons Third Law of motion: “For every action there is à reaction 
magnitude and opposite in direction", F=- F. 








equal in 
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Py teendo of this ipee 





learned that when a force acts on а body moving af a 
certain velocity, the body acquires an acceleration, Le à 
change in its velocity takes place. This change depends 
on tbe direction af the acting force relative to the direction 
of motion zs falas: 


When а foree acts on n moving body 





When racer (2) in figure (1) pumps more fuel, g force 
acts on his motorbike in the same direction of motion 
that increases its velocity, but if be applies the brakes, the 
fonce will be in an opposite 
direction to the direction of 
welociy. Bui when racer 
(1 ar 3) leans his body to 
right Or to left, a force is 

normal to ihe 


is changed and the racer 
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Манап in a circle 
"e Let m stone be attached to a string. Hold the 
other end by your hand, then whirl the stone 
urpund in а circle, increase the velocity of the 
Let the stone go freely, in which direction will 
the sions go? 
Y (Demonstrating Motion in a Circle) 
From the previous, we conclude that: 
حم‎ For body to move in a circle , a force (F) normal to its direction of motion and directed 
towards the centre of the circle has to act on the body to force it to contimue its circular 
motion. 
me If chis force is removed, the body will rush in the direction of the tangent tothe circular 
path, at the point where the force is removed at a constant velocity in magnitude and 
и в ciim ا‎ 

















Figeer (2): Direction of foece & velocity in the Figere {i} Direction af hady motion wher 
- Uniform circular motion: it is the motion of a body in a circular path at a constant 
speed but changeable direction. The force acting on this boty towards the center is 
called The centripetal force. 
= Centripetal force: it is the force acting continuously in a direction narmal to the 
motion of a becky, ашышы = E MEN شج وا‎ 


Centripetal force: 

s= Fil a bucket to its half with water end move it in a 
vertical circle at sufficient velocity, does the water fall 
fram the bucket? 


mr This cam be explained as follows: the centripetal force 
acting On Water is normal to the direction of motion. 
Thus, Ше force changes the direcbon of velocity 
without changing йз magnitude, So, water rotates in a 
circular path with the bucket and is kept inside. 
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Circular МКИ 


Centripetal force ia not considered as а new 
type of force. Simply, И B. the term given to any 
farce acting morally to the path of moving a body 
amd makes it move im a circular рай, May the 
centripetal farce be tension force, or gravitational 
force, Some examples for these: forces are given in 
the following section: 





(ik Why dows de, рушили deed а enden 1-1 Tension force №): on pulling a body 





foros in hes arms curing roiaicant Using а firing or à Wire , а tension force is 

АИ ariginaded in the sting. When this force 

Qe "Pel acts normal to the direction of motion 

3 + E ai constant speed, the body moves in à 

3 5 circular path. The tension force acts as 
ir u. me шй n centripetal force. 


Fig i): Tunc kuwa in (бирай ana ишни. 174 Gravitational force (Е): 

A gravitational farce exists between the 
Earth and the Sun. This farce is тот m the direction of motion of the Earth This is why 
ihe Earth moves in 3 circular path around the Sun. 


Qs _ The Fourth 
Qa 
Centripetal r ЫЯ 
F ГА 
5 і 
- LP a i 
1 i 
1 The Sun i 


Fig (Tk The grewitational Sarpa acts a а centripetal farce 


1-3 Friction force (FJ: when a car tums in a circular path or a carve, п friction 
between the road and the car tyres 16 originated. This force is normal to the direction of the 
car motion toward the centre of the circle. Thus the car moves in the curved path. 


Foot iF] 








Fig [Ele Ееее fice acis aa а сеира fries 
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1-4 Reaction force (Е): the reaction force always act normally an the car. If the 
cular path of tha caris inclined at an angle to the hurizaratal a hormonii component for 
tha теси Torte Ш prod owrarda tha centre of the circle that helps toring te cur. In 
Hirn case, the eextripetal force la the sum of the two componer of the nacti Force and 
the Tolima force tarda the centre of rotation 





Боски forse ta tha mam ИИС a icis m 
Tay biati [и il 
1-5 Lifting farce (E, 1: The lifting fece always acta normally t the body af gn aeroplane. 
When the axeplme inclinsz, & borizonial component H tbe hiing force is produced 
tir (oe сайи of the crede, This Docs 14 санар هخ‎ the لجخ ا ناتيت‎ force affecting 
the aeroplane. 











?-Centripete] Acceleration 

When a foros (F) acts normally to the direction of 

body mation Chat Тып тшш (m) moving шї velocity (vj in 

h circular path of radios fr}, K change ш tbe direztion of 
happend. 


direction ig fhe met: as Che direction of the cexteipetal 
BITES . 


Looking kt figure, it a obrir that each of velocity (v). 
fonse (F) and acceleration {g} han На contant magnitude 
Ык je cozizmouzly chumgmg ite direction. Pig (17 : Valocity vector uma, 
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Centripetal acceleration (oa): It ها‎ the uccelerution acquired by the body in a 
circular motion due to a change in the direction of lis velocity. 

[n fig. (12), it is noticed that as the body moves | 
from pomi (AJ to point (8), the velocity Гу) 
changes in direction, but magnitude maintains. 
Thus, the change in velocity (4v) results due 
ta the change in the direction of velocity only. 
Calculating the centripetal acceleration: 
Through the similarity of the triangle (CAB) and 
the triangle of velocities shown in figure (12), 
the following relation can be obtained: 














AL dv (1j Fig.[12) : Micron of body from (A) të (B] 
where ¿lu is оды” towards the centre of the 
circle 
= АЕ ài (2) 


If the body transfers from point (A) to рой (B) in a a period of tine (di), the centripetal 
acceleration (a) can be calculated by dividing equation (2) by (t): 
„Аз _ АР ا‎ 
AL Ar r 
Зе: pin) on io cite оби equi 


^ gu S (3) 


Calculating the value of the centripetal force (F): 
According to Newton's second law , the force is given by the relation (Fama), Le: 
Centripetal force m uniform circular motion = mass x centripetal accelerabon 
Substituting the value of centripetal acceleration from relation (3), we find that; 
| E: 


(4) 











Calculating the value of the tangential (linear) velocity (v): 
Assume that a body made a complete circular revolution during a time interval (T). This 
time ia called periodic time. During this time, The body moved a distance equals the 


circumference of the circle (2 лт]. Thus the tangential velocity (velocity of notation) can 
be calculated by: 
еа distance _ 2 
time T 
This means that the tangential (linear) velocity can be calculated by knowing each of the periodic 
time (T) and the radius of circular path fr]. 
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Chape Cog Laws ot Circular Marion 


Г Enrichment Information | 
عم‎ If a body moves at à tangent nai of radius (r) from point (A) 
lo point (B), covering Vane (40 сини toa angle (А 8), during 
time (4), tbe value ) كك‎ > is known as the angular velocity (аў. 





Substitutin the value c£ (A B) in equation (1, we find that 
Al 
X 


чи = FF 


а: VS 0 Р 


г. Tangential velocity = angular velocityx radius of path 











Verification af the centripetal force: 
* Attach а cork stopper of mass (m) to à string, them pass rt through à metalbc or 
plastic tube (like: а pen tube), thes attach te other end to а weight of mass (MJ. 
# When we rotate the piece of cork in a circular path, the centripetal force is originated 
frora the tension force ها‎ rhe string fF.) which is equal to the weight of the hanged 
mass ie F = F. = Mz 
конушу Шш ринин دي‎ шы ж-на, E ES 


experimentally = Mg = m—— 
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In the erevicus experiment, the mass of the cork stopper was (lig) and it was 
rotated in а borizontal circular path of radins (0.97 m) to make (FO revelations) in 
time (39 s). Calculate the mass of the load attached to the string. 


Solution: 
Calculating periodic time: 


x. ш J. IR ж 
50 





Factors affecting the centripetal force: 
№ is necessary to calculnse the centripetal force when designing a curve in roads or 
milways m order to help салу and truins move along this curved path without skidding. 
Through studying the relation (4), we can conclude that the centripetal force depends on 
each of the following factors. 
| = Mass of the body (m): where the centripetal force is directly proportional to mass. 
The farce required to move a bicycle in a curves path is less than that required to move 
а truck im the каше path. This explains why trucks are not allowed to move along some 





Pig (153) : Tr ia aot alowed for cocks amd trailers to 
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2- Tangential velocity beh where the comtripetel force ia directhy 
proportional to the aqumre of velocity. When the velocity of à 
car nores , it Rela mors centripetal fores to move within & 
curved path, SG engineers define a certain velocity which shed 
nat be axceadad for the motion in curves coed and highway. 





ES -- اا‎ 
Jn 
Ae beige 
BF AE 


PFig.(15): The effect of the change in есір ofa baby, moving ina areal path , an cho 
vule at rhe тн си Пс 


J- Radis of rotation {г} : where the centripetal force ها‎ inversely proportional to the 
ralius of the path. ie , when the radins of curve derrenaes , the car needs more centripetal 
farce to keep mering in a circle. Accordingly the curve becomes rore. dangerous. To 
avoid sliding cut , it ія advisable to move with irw gpecda in dangerons curves. 


Fig {lå}: Why ты he macmor манор 4] bah, а rach. 
Tille Ie ia 050 rehî on tha curve of greater rating, 
What is the affect of the decrease in the centripeta! force on the radius of 
rotation? 

when the centripetal farce decreases , this means thot the 
radius will гомо „because f F Û) „1 , the body will be 
moving away from the center of the circle, H the ceateipetel 
force becomes rero „ the body will move in a straight line 
became. af inertia. 

Assume Ubat a car moved on a curved path, and the road 
haa gil stains, friction forces arc not enough io rotaie the: car Ta UT] WR RL عوط‎ 
| | Е 
within the curved path which cansas the car to Skid. The tires indirim tns 


creep on the bypath and the car can mot keep moving in the a 
curved path, 
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Activities and Exercises 


| Chapter One 


Laws of Circular Motion 


Safety Rules First- Practical Experiments 
(1) Demonstration of motion in a circle: 





Experiment overview: 
ae We have learnt that a force towards the centre is required 
ume Be to move a body in a circular path and is known as 
нал E GR "centripetal force”, 
ты This experiment aims to describe the motion of a rotating 
У анып Be атаса санте | body in a circular path, and to realize the concept of the 


Selb to be acquired 


Іоан and Maler 


A ee جزم‎ ball - ñ neg, - А pesas 





“ту Attach à tennis ball to one ead of a string, and 
let the rest of the string free having an appropriate 
length (about 120 em). 

ЁТ) Using a pencil, draw a circle of a suitable radius. 

з) Put the ball at a paint on the circle circumference. 

^1) Hoki the free end of the string at the center of the 
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Circular Mention 


“S Rotate the ball with a suitable velocity so that it moves along the circumference of 
Ше drawn circle. 

Кє) Repeat the previous step with different lengths (25 — 50 — 75 — 100 cm). Ask for the 
assistance af your colleagues. 

7) Set the string suddenly free from your hand and then register the direction in which 
the ball moved. 





mb Did you feel the necessity of pulling the string to the centre to keep the ball rotating 
in its path? (Yes í No). 


me When you suddenly freed the string, did you notice that the ball continued motion 
in the circular path, ot it was launched in a straight line along the direction of the 
tangential (linear) velocity? 


=" = ne a za BOR RO RO ROROR ии п иси mm ü mamaman مم ماه ممم مام‎ umesmuasmamamam amma ш шш и и m п и иси mm 2-0 77 CRCNUCECKCADO SUAM H ROUN HO R ROB BOR 
ee RO ROR-E E HON shu. EHRGHEHNIETZENNENHELENHEENE-HE Em 2 пион нии и иип и PEE m um п مام مام م مام م ماه و مام مك‎ n. m mú mms mus m mms mamam" 


SE مام م ام م دم و‎ нии ион о m mms mÁs suum ии и иси шиси ош п m ш uma م م مام‎ n سم سس سه مام م‎ ma п п пин иип и и и и ип ш sa ш =m 


nd Draw ап TOW from the paint on the circle circumference in the direction of the ball 
motion where you freed the ball. 


ини ии 


=—m-mamam RR EORR DAR RR RR и m ws DOE mmm... n. nn unun иши и mmm n wama н шпн ш ши и и سام م‎ ни ие ا‎ ион ш ш шош ш ш шш ш m HH и-и m masma aaa 


Second - Evaluation Activities 





Е айза бе ыш аи ka d side: Then, show 
some of its uses in different fields, such as: separating blood 
cells fram the plasma, separating uranium from impurities 
in the process of Uranium enrichment, and separating the 





cream from milk. 
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Chape Cog Laws ol Cincelar Motion , 


41, Cooperating with your colleagues, design a device as that shown 
im the figure. It consists of a rigid metallic wire that passes 
Through two holes in Two balls; one of them is a light plastic ball 
while the other is а heavy iron ball, Then rotate the wire using 
a small electric motor. Which ball will rise upwards higher than 
the other? Why? 

У Design the apparatus shown in the figure by mounting the center 
nf a ruler on the axis of а small electric motor. Fix the electric motor on a wooden 
base and connect the electric motor to a battery. Use this apparatus to study the 
relation between the centripetal force amd each of the rotation radius and mass, 








Third = Questions and Exercises 
£i» Complete the following statements with suitable answers: 
"^^ In the sniform circular motion, the direction of ceatripetsl acceleration is 
и ie o m m NM UN 
ог. .. No change happens in the. .. but а change takes place in 


T In uniform circular motion, бе constant foree that acts normally to te 
"йш of Recacwlodiy is cilia... 


= Ün a лиййити cirolar motion, he tangential velocity ofa body i characterized 
amore Per ا‎ Чр ЧУРАИ 

T The magnitude ofthe cong sctetion during uniform circular oon 
depends on .. са i innit pee aan 

(T, Give reasons for: 

7C. Although a body moving in a uniform circular motion is affected by a 
centripetal force towards the center, it never gets closer to the cemer of the 
circle. 


cca path. 


SEBZTBSERHEHEHNHZENMEZAZGENEZTEA-E—UE s"... = ГЕ w ماع وام م مامه وص و‎ n. m. ms u wa sm m ERR RR E HR u m m = иш aaa шщ UR ss[[[ 


т m m مه مم مك‎ п и E и maar m шш ин m 
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Circular МЕ 








G А body of mass 100 gm moves along rhe circumference of a circle of radius 30 cm 
at a uniform circular motion, It takes à tme of 90 5 to make 45 complete revelations. 
Calcul: — 7" Penodictime. T bacon iod E > ра нба. 


SPUR ee ودع و‎ eee =н приона مام م م‎ ll بيع م م‎ нони сни ee م مد مه م نص ويام‎ ииип mu amu EERZEBRNRE 


fs) Determine the type of centripetal force in cack of the following cases; (gravitational 
pull — electric attraction — teasion force — reaction force — AO 





НИР | Sable in ping cinis | Талашы a k ии, 


(т) On rotating a stone attached to the end of a string in а circular path. What ts the 
direction of the farce affecting on the stone? What ig its benefit? What is the direction 


| What is the direction of foros by which the safety belt affects on the car driver when 
the car turmas? 


Ст) А body of mass 2 kg is attached to the end of a string to rotate in a horizontal circular 
path of radius 1.5 m, sy as to make 3 revolutions in опе second, calculate: 
T Linear (tangential) velocity. 


== INNEN Dl ša š ie и Бы БЕ ББ В ны üa üa 8 sü š = ai GRR ишы Ш Ёш TTT TTT 
ни mmm и иии ماع م‎ и п-и и писна. RRIEERHEIARRHENENENEHHNHIENIGANIZOEOEOXIETOET4GM ш шоп шп ш ummummumumuma-qoams. R R B RR RO RR RERO RH 


BED UMS سه هه واوا ما و مام موه م مامه مام ماه و‎ LL و ود مام ع ع مع لاع وه و و‎ us 


koi al nias 1000 ki is morian ek d constant died of S mis а 
of radius 50 m. Calculate the centripetal friction force that keeps the car moving 
around the curve. 


== Coco oe n m. m... 
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fs) А bicycle ndier moves in a circular path at a tangential velocity of 13.2 ms, If the 
radius of the path us 40 m, and the fonce keeping the bicycle in a circular path equals 
377 N, Calculate the mass of both the bicycle and the rider. 


э) А racing car of mass 905 kg moves m a circular path of perimeter 3.25 km. Calculate 
the tangentigl velocity of the car if the force required to keep the circular motion of 





the car = 2140 N. 
4) Would the water be kept inside the bucket when you RICE 
rotate il im a vertical plane as shown in the figure? е ыз 
\ 
Enjoy Я 
Y 


A LLLI اناا‎ О В В В О В О иин 





Cres: 
(2) The motion of a body in a circular path at à constant speed but of changeable direction, 
(3) The time taken by the body to cover the circumference of a circle, 
(4) The force that continuously acts normally to the motion of a body, changing its 
straight path into circular. 
Lene; 
(1) The acceleration acquired by a body in circular motion due ta a change im the direction 
of velocity. 
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Laws of Circular Motion р. 








The universe is always in а continuous motion. The 
around ihe sun that rotes around ihe centre of the 
galaxy . 


> Expisia the rocation af ба riod 
эшм the Forth in асова path. 
change of velocity af a satellite 
dunng zs moton armana Earth. 





| Pug {AD | Through Breton ‘s fire law of motion, the falling of a motioales 


The unis below explains how the universal gravitation 





Newton studied the nature of this attracting force , and 
concluded that tis force depends on the masses of the 
atracted bodies and the separating distance, as follows: 





A body in the universe attracts any other body by - 
а force, this force is directly proportional to the 


to square the distance between their centers. 
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Chape Two Univeral Camvilalion and Circlar АО Р 


Мт 


F=G— (1) 
where (r) is the distance between the centers of the two bodies , (G) is the proportionality 
constant which is a universal constant know ай "The gravitational constant" , it equals 
G 25457 x I0 UN p kg? 
= 6.67 x I0 "m! ker! i? 





sich. coon айн tha хын tir Û fhe sivas бра. безне йе өы; of this law it is 
known as the law of universal gravitation., 


And ت‎ an vc ea синий 
getting benefits of it. One of those scientists. was Al - Riruni 
(Abe AI Reihan Mohammed) , ме коена ЧЫ 
Eisss and Ali AI-Buhtury. 


Two amall balls of mass (7 .3kg) each, are separated by а distance 0.5 m between 
appropriate comment. 

Solution: 

Thrraigh the universal gravitation low, the attraction force equals: 


p, Mm _ бы (3) 


=F 3 
دور يري رع‎ [2 
In this example, we notice that the mutal attraction force between the two balls 
із мегу эплай that И is equal to the weight of a sand gram on the beach, 
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Enrichnme 


= ИГИГЕ... е ons E 
force of attraction between bodies is mot noticeable, ог large unless these bodies 
are either missive, the separating distance between these bodies are smill or both, 











2. Gravitational Field 

We have kamed that the gravitational force is inversely proportional to square the 
distance between two bodies. аа аа асран 
between these two bodies get so big that a pomt is reached where the effect of attraction 


Within this distance, there are attraction forces. So the gravitational field is known as; athe 
space in whieh the gravitational forces appear.» 
The intensity of Earth's gravitational field: 

It is the attraction force of Earth to a mass of (lke). E 1s denoted by Ср), and تلدع تع سهدت‎ 
equal to the acceleration due to provity. By applying the universal gravitational law, we 








= (2) 
Where (M) is the mass of the earth. = 5.98 x JO" ky 
г= Е + ور‎ 
(R) عا‎ the radius of Earth (R = 0378km) 
(i) is the height above the earth's surface. ‘the internet 
Through relation (2), conclude the factors affecting the | Contact your сойган 
value of acceleration due to gravity. bei hers ати 
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| 3. Satellites د‎ 
Man has dreamt to explore the space. He continued to develop probs and rockets thar 
launch space ships to rotate around the Earth, or to reach further, (for example. to reach 
another planet like Mars). 
On the فك‎ of October 1957, the world received the surprise of sending a satellite (Sputnik) 
lo the space as the first space followers for the earth. That was followed by buman success 
in sending other satellites. Morcover, he aucceeded to put foot on the moon. Space 
exploration still continues successfully, 





Fig (27): Lamchinp ЗИ 


put a кйш ها‎ orbi. 





Idea of launching the satellite: 

ee: Newton is considered to be the first one who 
ex plained the scmenlific base of launching каш ез. Не 
imagined that om projecting a projectile in а horizomal 
plane fram a meounigin ренк, it will fall freely and teke а 
curved path towards the earth. 11 the velocity of projection 
increases, the projectile will reach the earth at a further point 
and follow a less-curved path. And when the curvature of 
the projectile path is parallel to the curvature of the Earth's 
surface, jt will rotate in а particular path, and become an 
Earth's follower. Its rotation will be similar in the moon's С Lauschbinga peopecti e 


: > py * in a Rec zortal plass, tt vzl rate a 
rotation ground the earth. Thats why it is called a satellite. curved path. 








Pig £251: ‘The moon Toten: rond foo cards in a parócalar paih. 
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| ` What happens when...? 
It would fall in à straight bine towards the earth and 
fall onto it. 
satellite vanishes: The satellite moves in a straight line 
along the tangent to the circular path, and move getting 
away from the Earth. PR UE omit 
Finding the orbital velocity of the satellite: 
Assuming that there is à satellite of muss (rm), moving al а constant velocity (v) in à 
circular path of radius (г), around the earth whose mass (M) as shown in the figure: 








We notice that the gravitational force between the earth and the moon is normal ta the 
mation of the moon, and it keeps the moon in a circular orbit. Le The force of gravitation 
between the moon and the earth acts as a centripetal force: 


f Fam gt 


г 
From the previews equation. it is clear that the satellite velocity in its orbit: 


M 
"= deu (2) 


The value of velocity (v) im equation (2) represents the velocity required to keep the 
жае Піе rotate around the earth, 


If the height at which the satellite is launched into space is (h), so, r = R + h. 
Where (R) is the radius of the Earth. 
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(Парын Two Univeral Сазе айон and Crear Motion Е A 





Factors affecting the change in velocity of a satellite during ils motion arround 
the earth: 

From relation (7), tt is clear that the velocity of the satellite 
m its orbit docs not depend on its mass; but it depends on 
ihe following factors: 


The mass of the planet around which the satellite rotates.‏ جم 
The height of the satellite away from the center of the‏ جم 
planet arround which it rotates. Pig (27)- A satellite around the earth.‏ 














Enrichment Information 


Аз the mass of the satellite to be seat into the space increases, we need a rocket‏ عم 
of mare power to launch the паш Пис away imio thc apace m йс ip gam the‏ 
velocity required for it to orbit Earth.‏ 


Activitles: 

Visit one of the astronomical observateries, ike Helwan 
Ohssrvatery (National institute fer Astronomical and 
Geophysical Researches), to recognise the nature of 
work inside the observalory and to collect information 
about satellites and how they are sent into the space, 


Solved Pomp T 


48 Tuc auci iiec EAT E б: a circular orbit whose 
radius is (3.85 x MY km). It makes a complete revolution 
through (273 days) Calculate the mass of the earth 
(Universal gravitation constant 15,57 x 20" m kg ry 

Solutia 

Periodic time: Та 273 x 2x 60x 602 236 x s 


velocity of the moon: 
2x 344 x 1,85 x JU. x IU 


us TRE.. (1023) x 3,85 x IQ x JÛ" 
С УЫ 6457 x 107 


=~ 10" ky 
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Cantu bat Mic on 





A вале ве rotates around the earth in almost circular 
path at a height of (S40 km) away from the earth's 
required by the satellite to make a complete revolution 
around the earth, knowing that 


(Е = 6360 km, M = 6 x 10 kg, G = 6.67 x 10" Nike) 





Solution: 
Calculating the ralius of rotation of the moon around the 
earth : 








I m R + Hi еб 360 + 940 = 7300 km = 7.3 x 07^ m 
Calculating the orbital velocity: 


v= aH 


v= GOTO" ريو‎ 


ү=7Ахж1Ї# m/s 
._ 2 _ 2x3.14x7-3x1( 


T = =—— Jd — = 0195 5 


A satelite completes its revolution around the earth 
in (100 min) and the length of its path = 60000 kra. 
Calculate its orbital velocity, and its height above the 
surface of the earth, knowing that ( R = 6350km) . 
Solution: 
Calculating velocity of thé moon: 
.m- 43120 x IU — 4:13 mis 





Calculating height of the moon away from the earth: 
2лг = 43120 x F 
ra ЗОН „686 хтб m = 6860 km 
r= R+h 
h = r-R = 6860 - 6360 = 500 km 
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Chapter Two Univeral Graha and Ciresslar Motion 


Importance of satellites | 

Ussge of satellites hes made a real revolution in many fields. The setellite is considered 

as 3 very hiph tower used in sending and receiving the wireless waves. There are many 
kinds of satellites, of them ше: 





pe Communication satellites: They transmit phone calles, radio and TV signala to and 
everywhere an the ezrths surface. 

ph Astronomical gate litea : they are huge telescopes roaming in the space, and they сав 
image the orbs accurately. 

"— À—Ó— they are used in studying and monitoring the emigrant 

ining mineral resources and their ratios underground, looking- out the 

ainaki ekb lo protect beni fakan of enber ad sidir tha Саш 
of hurricanes. 

Explanatory and spying satellites : They are satellites which abound the information‏ عم 
needed by military and political leaders to make decisions and monitor combats.‏ 

Science, Technology and Society: 
More information about types and importance of satellites is given via the following 
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Universal Gravitation and Circular Motion 








| Safely Rules 


| түл чы of dala йү pna. eL ke alie is 


| F Demei the erah of Marit 


| > Мы the iam أن‎ de Barth جا‎ kayasirq iin 


look and itera 





First- Practical Experiments 

Measuring Ihe mass of the Earth by knowing its 

You have learnt in umit two that when a body falls 
freely from beight (d) during time (t), the acceleration 
duc to Earth's gravitation can be calculated using the 
iati 

1 

dul 


ir 





ad 


ga- 


Ca di Sia они doc wakay ва is calculated 


from the relation: 


CM 
(pe. 


Where (G) is the universal gravitational constant, (M) 
is mass af the Earth, and (R) is the distance away from 
Earth's center, In this experiment the last term is nearly 
equal to the rádius of the Earth (R). 
Е واي جرد‎ DAN can be 
And this cám be Ынна uh Ња following steps: 
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Chape Cog Univeral Camvilalion and Circlar Moign 


LUE Cut the string at the attachment рош of the first pendulum. Ask your colleague to 
record the time taken (t) by the falling hall to reach the ground. 
Results: 
Record the results obtained in the following table: 





Through the resulte: Does the intensity of the field depend om the mass of 
the ball? Why? 


Results analysis: 

By knowing the intensity of the gravitational field, that has been calculated, the Barth's 
radius (Е = 6.38 x 106m), им Tho ите! Иов COREE IU « = 6657 x 101I 
Nami. kg-2). —€———— wahana. Е = GM/R2. 





босай = Evaluation Activities 

0 Use the site of Wikimapiato find photos taken by a satellite 
for your school or your home. 

Су Write а research about the importance of satellites in the 

fields of weather forecasting, camrmumicatian, agriculture, 








and military purposes. . 

e We know that the planet Earth is not perfectly spherical Serm repere 
This сап be attributed to the effect of the centripetal force as a result of Earth's 
spinning on its axis. To illustrate that, design a model as shown in figure that is built 
up of а metallic wire, and а ning made of a photographic plate. The ring zs pierced 
in order ta have two opposite holes and let the wire pass through them. On rotating 
the wire, the eircalar ring is flattened, 


С а 
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Third - Questions and Exercises 
(т) Choose the right answer for each of the following: 
T The acceleration due to Earth's gravity is: 
me Changeable according to the height from the earth's surface. 
imi gee جو‎ AH 








у The velocity аа Бу a tabiii to sola oad tha Fiant 
جه‎ Depends on Из mass only, 
w Depends on mast of the Earth only. 
ee Depends an bath; the mass of the Barth and the distance between them. 
m» [s constant. 
> The velocity of rotation required by the Earth to orbit the Sun depends on: 
we The mass of the Barth only. 
me The mass of the Sun only. 
me The mass of the Sun and the distance between them. 
бу Which point on Earth's surface has the highest linear velocity relative to the Earth's 
axis of rotation, a ройи at the Equator, or at the tropic of Caprioom ar tropic of 
Cancer? 


ا ع إلا Í‏ وس م سمس و اوسا исп m‏ د и‏ مو دو مم مم م مام موه ee‏ عنم يع عام ماج رد وه ووم ee‏ م م وام دم eee‏ 


нии ионов‏ يع REO‏ نم و د و مسي سسسب ب جه швп | п‏ وري m m‏ يع وري LLL R RO‏ و ип‏ و و د نوع مم ود دم 


(С) If the mass of the Planet Mercury is (3.3 x 1023 kg) und its radius is (2.439 x 106 
m), what rs the weight of a body of mass (65 kg) on Mercury, and what is the weight 
Of the same body on the Earth? Knowing the Universal Gravitational Constant 
(G) = 6.57 x 10-1] M.m2 kg-2. 


=a"... и NO BORN ип ЕЕ EEEE EELT اع اوم اع ماه‎ oe п ws وام م د مام م ممصم‎ LLL و موس سمه‎ ини 





أشن i9 BHF 1 арага Paring aii‏ | سل سين 






Chapter Опе Universal Gravliation and Circular Moon QP 
< А satellite rotates in an orbit at a height (h) = 300 km from the Earth's surface. Find: 
7m. Its orbital velocity. 
TO The periodic time of the satellite around the earth. 
T^ The centripetal acceleration of its motion, 
knowing that: 
Radius of the Earth: R = 6378 km 





cceleration due to gravity at the Barth's surface: g = 9.8 mis? 











(3) The area where the forces of gravitation 

Down 

(1) The gravitational force of the Earth on 
a body of mass Кр 

(2) The law that states: А materialistic 
body attracts another by а force that is 
directly proportional to the mass of each 
af them, and inversely proportional to 
square the distance betwee them. 
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General Exercise on the Third Unit 
Сту Put ( ¥] tick to the right answer far each of the following: 





O The centripetal force on а car moving in a curve is resulted due tn: 

T The gravitational force of Earth, 

T^ The friction force between the car tires and the road, 

©. The inertia affecting the car driver. 

T The force of brakes. 

Ө If ihe radius of a circular orbit is increased to four times its original value, the 


centripetal force required io make the speed of the body constant would be; 
YP Decreased to half. 


w. Unchanged. 

TP Increased to double. 

@ Decreased to quarter its value, 
time. If the orit radius of satellite (A) equals four times the orbit radius of 
satellite (B), the ratio between the velocity of satellite (A) to that of satellite 

| (B) equals: 

on vod 

oe (1:2) a 0:4) 


Ө If the distance between the centers of two identical balls is 1 m and the force 
Of attraction between theo is 1 N, the mass of each one of them equals: 
e 





к! kg T 122 x 105 kg 
T 2х 105kg T Olkg 
O If the distance between the centers of two bodies is doubled and their masses 
are kept unchanged, the attractive force between them would be: 
™ Doubled. t^ Halved, 
c^ Quartered. 
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Universal Grevitailon and Circular Motion 





(T, A helicopter toy of mass 100 g flies in a circular path of radius 1 m and rotates at a 
rate of 100 revolutions in 20 s. 
Culculute- 
"^ The near (tangential) velocity of the toy, 
>. The centripetal force. 


£3 Give reasons for each for the following: 
Te Although а body moving at a uniform cirenlar motion acquires an acceleration, 
its linear speed is constant. 
m. itis dangerous to move at high velocities in curves of roads. 
Write down the scientific term for each of the following: 
^ The motion of an object along the circumference of à circle at a linear velocity 


of constant magnitude and changeable direction. [ ) 
B^ The time inken by n body to make a complete revolution, ( j 
7. A force always acts towards the center normally to the direction of the linear 
velocity during the motion of a body in à circular motion. ( ) 





(he proper unit from column (B) that Tis euch quantity in column (AY: 





Ш LN 














(5) At which height from the earth's surface a satellite should rotate so that tts periodic 
time around the Earth equals the periodic time of Earth's spinning? Knowing that 
the Earth's duy = 24 hours, the universal gravitutional constant (Gr = 6.57 x 10-11 
N.m2 kg-2), the mass of the Earth (ME = 3.98 x 1024 Кр), and the radius of the 
Earth (R = 6378 krn). 
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In a Nutshell 


Main concents 

<> Uniform cireatar motion: Is the motion of a body in a circular path at a velocity, which 
is constant in magnitude but changeable in direction. 

<> Centripetal force: 19 the force acting, continuously, in a direction normal to the motion 
of the body, changing its straight path into a circular path. 
maion due io the change in its direction of velocity. 

<” Perbotlic Time : Is the period of time taken by a body to complete one revaluatian. 

<> [ntensity of gravitation field at а point ; is the force of attraction acting on a body of 
mass [kg at that point. It is numerically equal to the gravitational acceleration at that 


point. 
Relation & the main rules: 








Calculating the centripetal acceleration : a = كل‎ 
Calculating the centripetal force : F = m —— 


Calculating the force of Ц itatian: F= F "T 


Calculating the velocity of a satellite : v = | ОМ 
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Universal Gravitation and Circular Motion 4 
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Unit Four 









Unit Charen Y 
t Work and Energy 


к Law of Conservation of Energy 









Unit Introduction 


Euit كا‎ no sn nth fem bd ommo Toss Fro nme TO Pct erc СЕТ ا‎ 


ih ke eM all | чыч Е kallu 1 ГИ гыч ч Be] obe Г REFER FL CEST Зи 
























р ГААН ГИЕНА eor ih 


М Г M T TI Кк 


y the end of this unit, you would be able to: 

= Explain the scientific concept of work. 

= Deduce that work is a scalar quantity (Nol а vector quantity | 

= Derive the units of enemy. 

= Deduce the mathematical expression for each of the kinetic energy and the 
potential energy. 

= Draw а conclusion that the potential energy is work done. 

= Compare the kinetic energy and the potential energy 

= Apply the mutual interchange between the kinetic energy and the potential 
energy when projecting an object vertically upwards as an example for the 
law of conservation of energy. 

= Apply the law of conservation of energy on some situations m everydas 

expenence. 


Меге proces und implied rec اع لع‎ af Test icm 


hinking s 119 i 1 Er IT 1 





Scientific interpretation Acquire positive attitudes 





] حارو‎ a conclusion toward rationalization of energy | 
Р Comparison синип. 
Olessification Acquire positive attitudes 
تة‎ towards the environment 
^ Unenmeralizabtion 

еш» Development tendency vo study 
Application rei 





Data display skills 








9 —— Sed 


Expected Learning Chuta 


By the end of this chapter yau 

will be able t: 

> Explain the scientific concept of 
wart. 

b Deduce tur work is а scalar 

с quartity. (Not a vector quantity) 

b Derive te omil: of energy. 





Work and Energy 


The term work mey be used in our daily experience to 
eApmess а lask thal capbared somebody's interest and is 
involved in the most. This task could be mental as doing 
homework, physical as visiting a patient, or even just being 
at office. 

Physicists use the term work to express something really 
different. To do work on an object, the object must move 
through a displacement as а result of the acting farce. If the 
object does mot move, mo work is done regardless bow huge 
the exerted force 15. 
PAccordang! y, there are two conditions for work to be done: 

1) A certain force acts on the object. 

A. The object shouki move through a certain 

displacement in the direction of the force. 
work: 





Figure {1}: The man dom work ou — Papam (К The maa does work on 
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move it through a displacement (d) along the line of 





W = Fa 
=: 5 
шшен 
س‎ Ñ — Figure (5): Wii home is cale lanea] Бр the dir 
product of disglacement (id) amd the force (FT 
acting m ihe same Фес 


their dot product results in а scalar quantity which is work. 
This means that work ts not à vector quantity, When Бина 
is mowed im a flat playground, the direction of the mower 
motion does not count. Mowing SÛ m from east to west 
needs the same work dose when mowing 3 m from west 
ip cast 

Work is measured in Nam. This unit is given a special mume 
which is the Fouale (3) chas is named after the scientist James 
Joule, 





The Joube: is the work done by a force of one Newton to move an object through а | 
displacemen of оше meter in the direction of the force. 


= James Joule (1818 — 1889), An English scientist | 
who realized thal work generates hear. In one of his experiments 
he found that water temperature ar the botom of a waterfall is 


higher than that at the top, concluding that а part of water energy 





If the direction of the force (F) is inclined at an angle (0) to the direction of displacement 
(d) as shown in figure (ñ), work done can be found by the relation: 

F sin 8 W = (F cos 8) (d) 
W = F ممع أو‎ B 
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| Thinking Corner 
Imagine you are pushing a wall by a force (00). Are 





in the table below; 
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А. cart of mass (20 Eg) is pulled by a force of (50 А). The line 
of action of the force makes an angle (007°) to the direction of 
displacement as shown in figuze. Find the work done by the 
force to displace the cart through (4 m) (neglecting friction). 
кышк: 

F = SON 
Р d = фт 

9 = 50" 

= РЯ со 8 = (90) (4) [cos 60) = 100 ل‎ 


- Calculate the work done by this girl who is carrying а bucket 
_ of mass (300 g) to move it through a displacement of (T0 m) in 
T2 boy to ША à bucket of the sare mass (JÛ cm) in the vertical 
I ссох. {g = /0 mis) 
since the fore exerted by ihe girl is perpendicular to 
displacement, work done equals zero. 
Work done by the boy: 
Fiadingüefame Fengu x. x 76 - 3N 
Work done; W = Fd cos 8 
Since force and displacement are in the same direction, (8) = Ü 


d IU 
A Feau 7894 


+ In order not to neglect апу urgent duty ar activity. 
and tools not to waste your time while looking for them. 
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displacement) graph as shown in the opposite diagram 
where the siraigh: linc expresses а comstent force in 
magnitude and direction (F) acting on an object to 
displace it through displacements (d) in the direction of 
the force, 

Referring to the definition of work: 

When Û = 0, work = fore x displacement 
:امسوم‎ Wk сте علصوم‎ е wm length x width = the arma below the curve m 

area Тыт @ Tre (force = dixplacement) graph. 

Therefore, gznphically, work donc = ibe arcu below 

the curve in (force — disgtacement graph... 


If а ceria body 15 able to do work, this body possesses energy. Simply, the energy of a 
body ix iis capacity to do work. Because of this, the unit of energy is the same as the unit 
of work which is the Joule. 

In the following section we are going to discuss two forms of energy which are kinetic 
(a) Kinetic Energy (KE) 

When an objec i3 acted upon by a force and the object starts to move by the impact of this 
force, we can say that this object has energy called kinetic energy (KE). 











Suppose that you have got a car moving from rest in a straight line at uniform acceleration 
[а 
Thus, и-и = Dad 
Where v, ів the initial velocity = Û 
and v ia thc Final velocity. 


ated dut 
2u 





Figure? A moving object possesses 
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Chape Cog 








d. B. 
2 a ! 
Retering to Newbon' second law! 
F 
ті = — 
ü 
Fd a my? 
4 r 


Where the left hand side (Fd) represents the work done í or the energy needed to move 
the car) while the right hand side = mv, ) represents the form of energy into which work 
is comrerted; which is known as kinetic energy (K.E). 

Generally, kinetic energy of an object moving at velocity (v) is calculated by the relation: 


KE- E mel 


* From the previous relation, we conclude that the ع إلى‎ 
kinetic energy is directly proportional to the object Thinking Comer: 





Ж The uni of kinetic energy ها‎ the Joule, amd كلا‎ оошу? Why? — 


dimensions are MIT ? 


Ë >. Life Applications < 


* Through the relation: pm ыд РА the: work done is direcily proportional 
to the aquare of the object speed 2 

If we'd like to stop a car moving at velocity (50 koh) by applying the brakes, the cor 
would slide for a distance before stopping. This distance is four times longer than 
that needed if the car moves at velocity (30 bmih). 


Li 
= 
= t 





J60 m 
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Solved Ewan ipie ڪڪ‎ a = — — a m 


Calculate the kinetic energy of a car of mesa (200062) moving at speed (72 km/h). 
Solution: 

Converting the unit of velocity into m/s: 

FOG we 72 _ a 

REG cem 

ЖЕ = 4 هم‎ 








y m 


= -$ (2008) (20}' 400000 J 


ib) Potential Energy (P.E) 

Energy can be stored im objects because of their new positions. This energy та called 
potential energy (PE). Por example, compression or elongation of а spring makes its 
panicles have new positions and bence extra potential energy known as clastic potential 
Another example, when an object is raised higher above the ground, it acquires potential 
energy known as gravitational potential energy. This energy is related to £e object position 
relative to the surface of Barth. Figure ( 10) illustrates some 








Why dû clacton Mew Why de согда rocks Why daci de еіс rubber — Why does the spring 
«hen a batlery ig бїктї! chiapas and fall] — hümqd move when بومتك‎ tbe move when remowzmg the 
io а closed circus? eting fome? uting бет? 
Figure[ LU). Exnreples of potencial energy. 

If an object of mass (m) is Lifted to à height (A), this object acquires potential energy 
(P.E) due to its mew position, Consequently, it is able to do work when lowed to Tall. Thus, 
the potential energy of the object in its new position has 
Getermined its ability جا‎ do work. In other words, the 
work done to lift the object to a certam point z potential 







energy af this object at this point. 
Р.Е = W = ЕЛ 
Since the least force required tà raise the objecthigher — | | 
equals its weight (mg), mine be =f 
So, PE = Fh = (mg) (A) = mgh rigue (11%: Object (mi) ia ined 


tp а eight (A) 
The unit of measuring the potential energy is the Joule and its dimensions аге HLT" 
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Think and Answer, 
Calculate the work done to lift am object of mass (50 kg) to (2 ten) high above the ground. 


» 


Life Applications «e 


[450N) to lift the box vertically tn a height of (Jm). On the other hand, we can 
raise the same box using less force (of [SO M umng a ramp (imclined plane) hut 
with n greater displacement (3 زجوم‎ 


Fipure (ic Lifttrgr the box vertically requires a force سدم‎ ( L|: Whe ming a amp, the bos reqaines a foro 
egual in us weight, and the work dune les Sun lr we phil but Шбек d Por z anger ¿ike resi 
W = SOIN x im = 4507 W =m [50N x m س‎ Ф500 


Height above Earth's surface (b) 
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First- Practical Experiments 


ткаш о кинин 

periment overview: 

Finus сег de ba HARE иена QM us 

тка жок aa 
KE. —— m 

From the previous relation we canclude that the square 


of the object speed is inversely proportional to the object 
mass when Из kinetic energy із constant. That is what we 





(Т) Displuce the rider from the point (A) to point (B) 
às shown in figure, Then, release it to rush Баск, 

#2) Measure the time taken by the rider while moving 
along the air track using a photoelectric cell and 
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3) The rider speed (v) is determined by dividing the distance moved by the rider by 
time in seconds. Then, find the mass of the rider (m) in kilograms 

Gi) The mass of the rider is changed several times and the previous procedure із repented 
while its velocity is measured each time, Note that the rider should be displaced 
through the same distance (АВ) each time. Record the results in the table below: 





Using the data in the previous table, plot a graph between square of speed (v7) on the 
ordinate and the reciprocal of mass (—'_} on the abscissa. 
ті 


What is the slope of the obtained line equal to? .......... رشني‎ INE IRI РИН ТЕКТЕ 
(27) How can you find the kinetic energy of the rider graphically? ......... OS 
AG Is the proportianality between the square of rider speed (v^) and its mgss (m) directly 

or لسع سد‎ TT... РҮҮ 


£4 What is the unit of measuring the kinetic energy of the rider? 


Second - Evaluation Activities 
^1. Collect photos for everyday life activities that indicate doing work. 
Download a collection of videos about Olympic and Athletics sports. Explain how 
work is done in each vdeo. 
Make а list far some examples of kinetic energy in daily life. 
Collect a group of objects and tools chal can store potential energy. 
Write down a research via the internet about the clean energy resources that can be 
used in Egypt. 
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(1) Choose the correct answer for each phrase of the оме пр: 
( When the speed of а car is doubled, its kinetic 


7*. is halved . T is doubled. 





To increases four times. Y remains constant, 
©) А man went to his apartment twice; once using the stairs and another using the 
^. The man possesses more potential energy when using the stairs. 


T ial energy when using the elevator. 
- 





ТУ The man possesses the same potential energy in both cases, 


T The difference between its kinetic energy and potential energy. 
ТУ The sum of its kinetic energy and potential energy, 

TO The ratio between its kinetic energy and potential energy. 

T. The product of its kinetic energy and potential energy. 


©) The slope of the straight line in the opposite graph  Fotential energy (J) 


ТУ Object mass. E^ Object weight. 


| | | Height (m) 
(З) An athleir of weight 700 N climbed a mountain. Find 
the work he did when he reached to 200 m above the ground, 
$) Two boxes (A) amd (В) have weights 40 N and 60 М respectively. The box (A) is on 
the ground while the box (B) is at 2 m high above the ground. What is the beight of 
the box (A) so that it has the game potential energy as the box (B)? 


scerment of 3.5 m. 
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Chape Cog 





RR R R RE RR RE иш п пш ш нии samasaa..."‏ مام сини и hEN ms E DE RERRREREEERRNEENINOECES HUCEEINLCE ш ш = RR HE RE RR HR ш опи исп ROM mw. a шшш‏ مم مه ممه م مم 


СТ) A car of mass 3 x 105 kg and velocity 16 m/s crashed into a tree. The tree stayed still 
and the car stopped as illustrated in the figure below. 





by (Sem) 


bb eed ee dnin danani iin Û ВЕБЕ Е Бои ини سمط‎ mamañ ии нии не Бина üa 


Midi RR RE masa aš aa oe Йй mam 23ت ة ةا‎ йй 15-2583 nama ee ü == u mamam ü a 


(2) The work donc by а force of onc Newton to move 
am ohject through a displacement of ome meter in 
the direction of the force 

asessed by an object due to its 





(5) The emergy that equals the um of the kinetic 
energy amd the potential energy of an object 

Downi 

(11 The energy stored in an object doe to Ен position 

(3) The capacity to do work. 
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Chapter Two 





We have leamt that energy is the capacity to do work 
amd there are several forms of energy. Coal, gasoline 
` amlother types of fuel possess stored chemical energy. 

| | On haming, this chemical energy i& converted into 
By the end of this chapter —— 

will be able to: ERICA Nun الح‎ KE ee ОЕ جاح و‎ 

such as cars amd trains. 


Physical Terminology 





Penes (14): Dusnlag cd conl caedi по разн ара. 
work ky mones Iba train 
Also, the electrical energy is converted in the electric 
bulb into heat and light energies, and the potential energy 
in a waterfall is converted into kinetic energy. 
There are many other examples to coevert energy from 
law of conservation of energy that states that: 


e erum 


Energy is neither created nor destroyed. Actually, 


H is converted from onc form into another 
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2= Law of Conservation of Mechanical Energy 


The law of conservation af mechanical energy can be 
verified through the concepts of the potential energy aad. 7] f 
kinetic energy as follows: | 

On projecting an object of mass (m) upwards against f 
gravity from point ГГ) at initial velocity (v) to reach 
рош (2) at fian] velocity (v), the potential energy of 
the object increases with height while its kinetic energy 
decreases due to а decrease in its velocity, 






j ИИ 
a=-g ино 
Л -wz2(-gld 


Wc sted 


= Í 


PE + RE = РЕ + ЕЕ, ишт (161: еее aun 





This means that: 
The sum of potential energy and kinetic energy at point (1) = the sum of potentin] energy 
and kinetic energy at point (2) 

Law of conservation of mechanical energy: The sum of potential energy and kinetic 
energy of an object at any point on its path under the effect of gravity only is constant and 
known as the mechanical 








Mechanical energy = potential energy + kinetic energy = constant 


From the st relation we conclude that the increase in kinetic energy of an object will be 


at the expense of is potential energy, 1.2. potential energy decreases, and vice versa, Ел 
(Law of conservation of energy) 


—€— | 2019- 2020 Student Beck, (зт) 
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Asiatic object at (30 m) high above the ground has potential energy (1470 J). H this 
object falls neglecting the air resistance and consider g = 9.8 m/s", find: 
للك‎ the kinetic energy and potential energy of the object .@ p y, = Mü m 
at (20 m) high. x 

#3 the object velocity just before hitting the ground. y, = Jm 
Solution: B m vua? 
Ai point A 

P.E = mgh = 1470J 

x 98 x = МЛ‏ وير 

m = Sig 


eJ applying the law of conservation of mechanical 
energy at the points B and A: 


i i 
мурт у туу m= my +, mw) 


Fx 08х20 + x mi-5x OR 0+ О 
v mv! = 490 J 

.-. kinetic energy of object at 20 m high is (490 J) 

Potential energy of obpect at (20 m) high: 

РЕ, = 1470- 490 = 980] 
єй To find the object velocity just before hitting the ground: 
A applying the law of conservation of mechanical energy to the points C , A 

5x98x305 020 — x 51v? Jy = 24.2% mis 

















sl Thinking Corner " 1 
| => ‘Imagine three possible paths for а ball lifted from the ground to reach the same 
beigh each time. ‘Which path makes the work dome to move the ball the greatest? 

se Puta 
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Chapter One Law of Conseneation of Energy 





Law of conservation of energy in everyday experience: 

Projecting an object in air upwards is an example for the 
conservation of energy, or the mutual transformation of kinetic 
energy and potential energy, For example when а ball is thrown 
from the ground upwards, potentis] energy of the ball ig zero 
in the air, its potential energy increases at the expense of its 
kinetic energy. Potential energy reaches its greatest value at the ' 
прек possible point reached by the ball where из kinetic 
energy Decor 














Figure (17): Mural transfnematios 
в zero. Next to that the ball falls to ground and at KE and PE of an object. 


the kinetic energy increases gradually while potential energy 
decreases НП it becomes zero at the ground. 





Solved Example 


The diagram illustrates a ball himg by a thread swinging 
m a certain vertical plane. If the ball mass is (kp) and 
[g = 9.Emis^), find the greatest velocity of the ball during 
cacillarion, neplecting the air resistance. 

ишп; 

greatest velocity of the ball during oscillation із reached 
at the point (B) 

applying the law af conservation of mechanical energy 
at the points 8 and А 





i l 
ب‎ i جد‎ TM 
ليس‎ + ü = > ту; +0 49х15 = nf xv, 


vum ? omis 





Sahara Priming Company 2019 - 2020 Student Barak (зз) 
———————————————áá——Á  б{щєЦІ i 





Work ard Energy 


Activities and Exercises 
Chapter Two 






Previously we have studied that the sum of potential 
energy ond kinetic energy at amy point an its path under 
the effect of gravity only is constant and known as the 
mechanical energy. This means that the increase in kinetic 
energv af an object will ba st the expense of На potential 
energy, Le. potential energy decreases, amd vice versa. 
Procedure: 

a Measure the mass af the tennis ball in grams using a 


Brad к= asa kg 
@) Stick pieces of a sticker rape on the wall at differeat 
heights (1m, 2m, 2.5 m іс.) 


3) Hold the tennis ball at 1 m high and allow it to fall 
— to the ground. Measure the time taken by the ball 
lo reach the ground, 
(Ф) Repeat the previous step several times and find the 
$) Repeat the previous steps (3) and (4) for the 
different premeasurex brights (2m, 2.5 m .. ric.) 
(8) Record the obtained results in the following table: 


2019 ` Amo Sahara Printing Corn ps p 





Given that: g = 9.8 mir 
Assuming that the ball has fallen from rest, its initial velocity (v ) equals zero, The 
final velocity (v) of the ball just before hitting the ground can be found by the 


v, gt 
ЇЗ) By knowing (v), the kinetic energy (KE) of the tennis ball just before hitting the 
ground can be found by the relation: 


s‏ —— = برع 
2 
Record the results in the following table:‏ 





ЖЕРЕН ЕИ ЕЕЕ ЕЕН ЕЕЕ Е Пиалан кН ЕТ ТЫЛЫ. PEEP ино 


(3) Do the obtained ыш practically agree wiih your expectation 


Sahara Priming Company 1019 - 203 Student Book 135) 





Work агай Energy 









Second — Evaluation Activities | 
(1) Collect photos from different resources such as references, magazines, and the 
internet (hat Lustrale the transformation af energy from ane form inie another, 
(2) Design a device that can convert energy fram one form into mother using raw 
materials from your environment. 

3) Prepare в wall display provided with pnotos for some games in the amusement park 
in which kinetic energy із transformed into potential energy and vice versa. 

(4) Make a list for some educational and scientific sites that discuss the concept of the 
mechanical energy. 








Third — Questions and Exercises 





(Т) An object is projected vertically upwards at velocity 20 m/s. Neglecting the air 
resistance, find each of the following: 


T The maximum height reached by the object. 
t^ The velocity of the object at 10 m high above the ground. 
4 Using the opposite diagram, find each of; 

7^. The potential energy of the ЧИР weight of rider = 300 
bicycle rider at the point (а) 

bò The potential energy of the 
bicycle rider at the point (bj 

T. The tmil energy of the bicycle 
rider at the point (b) | 


(4) Name of the law that states: Energy is neither 
created nor destroyed but it is converted from 








one form into another 

[enn 

(1) The energy stored in an object duc to its 
position 

(2) The energy possessed by an object due ما‎ its 
motion 

(3) The energy that equals the sum of object 


malera Pristine Compary 











General Exercise on the Fourth Unit 
™ The kinetic energy of an object is 4 J. what is its kinetic energy if its speed is 
doubled? 


= sJ عدا‎ 161 
w 4J ы 0.87 
ТЭ An object of mass 2 kg is at 5 m high above the ground. Its potential energy 
equals: 
we ЭЛ we JO 
w 251 — ОД 


"ў 





we kinetic energy. 
we nuclear energy. we repulsion energy. 
a Muanobject is projected upwards, which quantity becomes zero ar its maximam 


= object velocity. 


(2) Give re: 


il 
To Potential energy of water is greater at the top of à waterfall than that at the 
bottom. 
T A person carrying a suitcase does nol do any work when moving horizontally. 
(3) A force of 100 N acts on an object to displace it through 2.5 m. find the work done 
Бу this force in the following cases: 
^ If the force acts in the same direction of object motion. 
№. ifthe force direction makes an angle 60° to the direction of object motion. 
co Ifthe force acts perpendicular to the direction of object motion. 
£4) Calculate the mass of an object if its potential energy at a point 5 m high above the 
ground equals 980 J, and acceleration due to gravity = 9.8 m/s". 
А ball of mass 0.5 kg is projected vertically upwards. If its velocity at 4 m high is 
ы-и ee Fani iue Hato 
= 10m! 
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An object of mass 4 kg falls freely from 20 m high above the ground, Fill in the blank 
cells in the following table, neglecting the asr resistance and given that (g = 10 m/s") 





| Insplacement | Potential Object Kinetic Mechanical 
(m) starting | energy (J) | TOY | energy СЛ) | energy (J) 
from point of 


falling 
А n 
B аи нн е вым о ==: 
C —— 400] — o — ب‎ 
D E S, Аа ОАО AER سا‎ 








mical energy of the object equals its potential energy 


HE 
1| 
"= 


3] 
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In a nutshell 





Fira: Алар * rEp 

^ Work : the dot product of the force and displacement of an object in the dire 
the force. Tt is a scalar quantity and measured in Joule. 

** The Joule: the work done by а force of one Newton to move an object through a 
displacement of one meter in tne direction of the force. 

* Energy: the capacity to do work. 

^ Kinetic energy: the energy possessed by an object due to its motion. 

<> Potential energy: the energy stored in an object due to its position. 

Second: Malin Laws 

$ Lew of conservation of energy: Energy is neither created nor destroyed but it is converted 
from one form into another, 

^ Law of conservation of mechanical energy: The sum of potential energy and kinetic 
energy of an object at amy point on its path under the effect of gravity only is constant. 

Third: Main Relationships 





Hon nf 





W = Ed cos 6 
kes m? 
PE = mg h 
Mechanical energy = potential energy + kinetic energy 
Mind Map 
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